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FOREWORD

The "Work Zone Accident Data" manual describes a data collection and processing
procedure intended for construction, maintenance or utility work area
accidents. The manual relates to both the short-range need for accident
information to provide immediate feedback for correction of traffic control
deficiencies, and the long-range need to provide the basis for accident
summaries and statewide traffic control standards. This manual is intended for
State highway agency construction and maintenance field supervisors and staff,
district level engineers, and headquarters level construction and maintenance
engineers and accident data specialists.

The manual relates directly to research work being carried out under the
Federal Coordinated Program for Research and Development (FCP) Project 1Y,
which is to quantify the accident experience in construction and maintenance
work zones and to develop desirable traffic control procedures to prevent
accidents. The success in developing any improved procedure is determined by
the availability of reliable data on the accidents which are occurring.

The participation of the States of Iowa and North Carolina is recognized for
putting this procedure into practice and evaluating it. 1In particular,
Mr. Fred Walker of the Iowa DOT and Mr. Jim Murphy of the North Carolina DOT
are to be thanked for their assistance in conducting this trial effort.

Distribution of the manual, is being made to each Federal Highway
Administration Region and Division Office, Additional copies are available
from the Superintendent of Documents, U.S. GpVernment Printing Office,
Washington, D.C. 20402, i /?

h

j

<:252§£//§0bert J. Betsold (. -~

i Director, Office of Implementation

PROTECTED UNDER INTERNATIONAL COPYRIGHT | Federal Highway Administration
ALL RIGHTS RESERVED. ‘

NATIONAL TECHNICAL INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the Office of Implementation
of the Federal Highway Administration, which is responsible for the facts and
the accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Tramnsportation.

This report does not constitute a standard, specification, or regulation.
The United States Govermment does not endorse products or manufacturers. Trade

or manufacturers' names appear herein only because they are considered
essential to the object of this document,

IFor sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402



GENERAL DISCLAIMER

This document may have problems that one or more of the following disclaimer
statements refer to:

This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest of making
available as much information as possible.

This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.

This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

The document is paginated as submitted by the original source.
Portions of this document are not fully legible due to the historical nature

of some of the material. However, it is the best reproduction available
from the original submission.
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I. MANUAL OVERVIEW

A. Introduction

During construction, maintenance, or utility activities on a road-
way open to traffic, the ability of the roadway to carry traffic is often
reduced, and there are increased hazards due to the work activity and workers
in the roadway. Many accident studies comparing accident rates before and
during work activities show that accidents do increase during work activ-
ities. Liability suits resulting from work zone accidents have increased
dramatically in recent years, which reemphasizes the Federal Highway Admin-
istration's (FHWA) position on traffic safety in roadway work zones.

On July 5, 1978, FHWA Order 5180.1B, "FHWA Alert Bulletin Procedure,"
was issued. It requires the reporting of traffic accidents (a) when five
or more fatalities occur or (b) when a chain reaction collision occurs; and
(c) when a death or disabling injury to workers on the job or to the general
public occurs.

On October 13, 1978, FHWA issued a regulation (FHWA 6-4-2-12) per-
taining to all federal aid construction projects. This regulation contains
many procedures assuring that adequate consideration is given to the safety
of motorists, pedestrians, and work force personnel.

Two mandatory procedures described in the regulation are:

1. The highway agency shall designate a qualified person who will
have primary responsibility and sufficient authority to assure that the
traffic control plan and other safety aspects of the contract are effectively
administered.

a. On small projects this person may be the resident or proj-
ect engineer,.

b. On large projects this person should be a designated per-
son who is trained in traffic control measures. The individual would be
assigned to this task on a full-time basis and would not be responsible for
other duties.

c. Such persons may be responsible for one or more projects,
depending upon project magnitude and proximity to other projects.

2. Work zone accidents shall be evaluated on both a short-term
and long-term basis.

a. On a short-term basis, the responsible person makes ar-
rangements to obtain accident information, including accident locations, as
quickly as possible so that current operational problems can be evaluated
and appropriate changes can be made in the traffic control plan.



b. On a long-term basis, a sampling of accidents that occur
in work zones is identified and analyzed. This information should be used
to correct deficiencies in traffic control standards and to improve the con-
tent of future traffic control plamns.

The purpose of this user's manual is to describe a process
that the person responsible for work zone traffic control can use to amalyze
work zone accidents. This complete process is called the '"work zone accident
data process." The process is suitable for application on a State-wide basis
or on a limited scale, to gather data only at selected construction or main-
tenance projects.

B._ Organization of This Manual

The following chapters detail each procedure in the work zone ac-
cident data process. Chapter II defines work zone accidents and incidents.
Chapter III explains procedures for the collection of accident, incident,
and other data that may be useful in the work zone accident data process.
Chapter IV explains the analysis of the various data types. Chapter V
describes implementation of corrective actions. Chapter VI explains the
accident and other summaries made at the district and state levels. Chapter
VII gives procedures for implementing the work zone accident data process.
The appendices give procedures for collecting and analyzing traffic volumes,
traffic conflicts, vehicle speeds, and accident and traffic control photo-
graphs. Also included in the appendices are definitions and copies of
blank data collection forms.

C. Objectives

The process described in this manual will enable the work zone
project manager to identify traffic control deficiencies through a systema-
tic procedure of data collection. The process can be used both for taking
immediate corrective actions and for developing a data base for future
analyses. This process involves various levels of work zone operations and
these are described in this handbook along with the duties of key persons.

D. Levels of Work Zone Responsibility

This manual stratifies work zone responsibility into three levels:
* Level 1 - Project Level
* Level 2 - District Level
* Level 3 - State Level
In some states, there may be four levels of responsibility: project, resi-

dency, district, and state. In these states, the resident engineer may per-
form some of the project and district level functions.



Primarily, this manual is intended for those responsible for the
project level of work zome traffic control. However, district and state
level procedures are also described so that project level personnel will be
aware of the intended long-term use of the data they collect.

Figure 1 shows the different levels of work zone responsibility.
The organizational framework in the diagram is intended only as a model.
It is not meant to completely parallel any one state's organization. For
example, the names of organizations involved in accident data preparation,
processing, and analysis vary greatly from state to state. The organiza-
tional model shown in Figure 1 should be adaptable enough, however, that a
state can substitute the names of specific sections at each stage.

The work zone accident data process is described below by levels
of responsibility. ’

1. Level 1 - Project Level

The first stage of the work zone accident data process includes
those people who manage the day-to-day progress of the work activity and
all work zone traffic control devices. The person who is in charge of the
work activity at the project level may be known by different titles, among
which could be resident engineer, project engineer, project manager, chief
inspector, maintenance foreman, or supervisor. This person may also oversee
a number of inspectors. In many states, one inspector is designated as the
traffic control inspector or safety officer. In this manual the term
"project manager" is used to mean the person who is in charge of the work
zone traffic control whether this person is actually the project manager,
resident engineer, or a safety officer.

This level also includes the police officer who investigates and
reports traffic accidents and all the construction contractor's personnel.

The goals of the process at this level are to have many eyes look-
ing for traffic problems and to have designated individuals to solve prob-
lems when they are detected.

2. Level 2 - District Level

In most state highway departments, there is a level of responsi-
bility between the project level and the state level. These offices may be
called districts, divisions, or regions; in this manual, they are referred
to as "districts." The district level usually includes construction and
maintenance sections and a traffic engineering section (although some states
do not have district traffic engineers). This level of the work zone acci-
dent data process also includes the second level of state police organiza-
tions (usually called "troops"), local police headquarters, utility company
headquarters, and permit sections.

At the district level a work zone review team comprised of rep-
resentatives of traffic engineering, construction, maintenance, utilities
and police would be useful. There should also be a person at the district
level available as a roving investigator.

3
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The district is responsible for reviewing project accident sum-
maries and deciding what changes in standards and procedures for preparing
traffic control plans should be recommended.

3. Level 3 - State Level

The third level includes state highway department headquarters
personnel, such as the state traffic engineer and the state construction
and maintenance engineers. Organizations that process or analyze accident
data after reports leave the police troop or local police headquarters are
also in this level. The agencies included in the accident records system
vary from state to state, of course, but they may include the state
police headquarters, the department of revenue, the department of public
safety, the department of motor vehicles, department of highway safety,
department of transportation, and the state highway department.

The forming of a state work zone review team is required. Such a
team will normally be comprised of representatives of traffic engineering,
design, construction, maintenance, utilities, and police. FHWA division
engineers may also be represented. A lead office should be designated to
prepare draft recommendations for the review team.

E. Summary of Work Zone Accident Reporting Procedures

Procedures required in each level of the work zome accident data
process are described briefly below. The procedures are described in greater
detail in later sections of the manual. A process flow chart for a typical
state highway agency is shown in Figure 2.

1. Project Level Procedures

a. Notification Procedures: The goals of the notification
procedures are to get information about all reportable accidents and to
have the project manager or representative be aware of all accidents occurr-
ing within the project limits. To meet these goals, it is necessary to
establish a two-way notification procedure so that work zone personnel will
alert the police when an accident occurs and the police will ensure that
the project manager is aware of all accidents occurring within the work
zone--even if they happen at night or on weekends.

b. Procedures Performed by the Project Manager: The project
manager is the key person in the work zone accident reporting process. The
responsibilities of the project manager include those listed below:

. Establish formal notification procedures;
. Brief personnel (contractor and state);
. Investigate the relationship of accidents to the exist-

ing work zone traffic control system;
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. Establish and maintain periodic two-way communications
with local police having jurisdiction in the project
area. .

. Identify types of incidents that will be reported and
investigate incidents such as unreported accidents,
damaged barricades, and traffic backups;

. Perform immediate corrective actions;
. Analyze data; and

. Transmit required information to the resident engineer
or district traffic engineer.

As mentioned above, the notification procedures must be co-
ordinated with the police agency investigating work zone accidents. Acci-
dent investigation by the project manager can be done in several ways, but
the focus should be on the status of the traffic controls and roadway con-
ditions at the time of the accident. The investigation does not necessarily
involve being at the scene before the involved vehicles are moved or inter-
viewing drivers or witnesses, but the investigation should be conducted soon
enough after the accident to record traffic controls at the time of occur-
rence. It should not duplicate data collected during the course of police
investigations.

The police accident report form or a verbal report about the
accident should be obtained from the investigating officer. However, there
should not be an over-reliance on the information in the police accident
report. Police officers are often concerned primarily with driver fault
and may not note roadway or traffic control circumstances at the time of
the accident.

The circumstances of the accident can be documented in the
project diary, in traffic control inspection reports, and on special accident
report forms. Photographs of the accident scene and traffic controls are
also a valuable means of accident data documentation.

The project manager, inspectors, and all contractor person-
nel should search for any clues that may indicate a potential hazard in the
work zome. In this manual the event that caused such clues including evi-
dence of unreported accidents, are called "incidents." Data on these inci-
dents can be collected by observing traffic operations or from complaints
from the driving public or from the police. These critical incidents or
patterns of incidents should be documented in inspection reports or in the
project diary.

After collection of accident and incident information, the
project manager should analyze the data in relation to project traffic
operations and decide what action to take. Some examples of actions to take
are: to make changes in the traffic control plan, to take immediate correc-
tive action; to ask for further help in analyzing the problem; or to gather



additional data, such as on traffic conflicts or traffic volume, for use in
analysis of the traffic control plan. Chapter IV of this manual includes a
list of possible changes that might be needed in the traffic control plan
based on the types of accidents or incidents that have been observed.

At regular intervals (at least monthly) the project manager
should send the accident and incident information to the district traffic
engineer or, alternatively, to the resident engineer. For construction or
maintenance jobs of less than one month's duration, the information should
be submitted at the end of the job.

c. Procedures Performed by the Investigating Officer: Extra
work or reports required of the investigating officer is kept to a minimum
under this procedure. As part of the notification procedures, the officer
makes sure that the project manager is aware of all accidents occurring in
the work zone. In some cases this may involve telephoning the project man=-
ager or representative at night or on weekends to report accidents. If this
arrangement is not workable, project personnel should take the initiative
of regularly contacting the police. The police officer is expected to use
the standard police accident report form. This form should be checked to
make sure it includes a category for identifying work zone accidents.

One optional procedure that may be used by the investigating
officer, or a dispatcher at the troop office, is to telephone the district
traffic engineer to give details about the accident or to send a copy of
the police accident report to the project manager or district traffic en-
gineer.

2. District Level Procedures

Although the work zone accident data process starts at the project
level and can be implemented only at that level, it is more effective if
personnel at the district level are also involved. The district traffic
engineer is important in the work zone accident reporting process, being
the most available source of traffic engineering information for the proj-
ect manager. To facilitate rapid response to work zone accidents and in-
cidents, a roving investigator is recommended. This person would make
regular visits to work sites and help the project manager in detecting and
analyzing work zome traffic control problems.

a. Procedures Performed by the District Traffic Engineer:
The duties of the district traffic engineer can be divided into two general
areas:

. Determination of changes needed in the traffic control
plan of a specific project; and

. Development of project accident summaries.

The district traffic engineer, or a roving investigator, is
to analyze the accident and incident data collected by the project manager
to decide if changes are needed in the traffic control plan. If the project
manager has made immediate changes in the traffic control plan, these changes

9



should be checked by the district traffic engineer or representative. The

district traffic engineer is also responsible for summarizing traffic acci-
dents and control problems in project accident summaries and for forwarding
these summaries to the state level where statewide patterns can be analyzed.

b. Procedures Performed by District Construction and Main-
tenance Sections and Utility Companies: These administrative units are
responsible for training their member project managers in the work zone ac-
cident data process. Members of these departments may also initiate cor-
rective actions as well as initiate new policies developed from the statewide
annual work zone accident summary.

c. Procedures Performed by the Roving Investigator: This
person may also be referred to as the "district safety officer" or the "dis-
trict traffic control inspector" and is actually the district traffic engi-
neer's field representative. The roving investigator should be on call to
aid project managers at jobs where accidents are occurring and to prepare
project summaries. The frequency with which the roving investigator visits
a job is, of course, dependent on the size of the area to be covered and
the number of work zones in the district, as well as the number and severity
of accidents which are occurring on the project. The roving investigator
should also make fequent visits to those projects where unique circumstances
and special or potential problems exist.

3. State Level Procedures

The personnel at the state level are responsible for preparing
the statewide work zone accident summary. This summary and all project
summaries are analyzed to determine whether new or revised policies or
‘standards of work zone traffic control need to be developed. This proce-
dure would normally be conducted on an annual basis. As shown in Figure 2,
the state traffic engineer and staff normally prepare the statewide work
zone accident summary. The state traffic engineer and other members of
the state work zone review team should decide what changes are needed in
policy or standards.

10



II. DEFINITION OF WORK ZONE PROJECT LIMITS, ACCIDENTS, AND INCIDENTS

In this section, work zone project limits, work zone accidents,
and work zone incidents are defined. These definitions are presented so
that everyone in the highway agency who works on highway projects, analyzes
accident and incident data, or makes decisions about work zome traffic con-
trol procedures understands their meanings and thinks alike in this respect.
It is important that information about accidents and incidents is accurately
recorded and analyzed. Only in this way can it be determined if traffic
control procedures are generating problems or allowing motorists to proceed
safely through work zones.

A. Work Zone Project Limits

The purpose of the signing used in work zones is to alert and guide
motorists safely through the work area and to protect the people working on
or near the roadway. The driver is alerted when entering a work zone by
means of an advance warning sign, which is intended to make the driver more
cautious and to look for additional warning signs. The first warning sign
will have a message such as ROAD CONSTRUCTION AHEAD or ROAD WORK AHEAD, de-
pending on the type of work activity--construction, maintenance, or moving
maintenance work (includes striping, sweeping, mowing). For work zone ac-
cident and incident data collection purposes, the location of the first ad-
vance warning sign denotes the beginning of the work zone.

After driving through a stationary work zone, motorists are in-
formed that they are leaving the work area and can resume normal driving.
Again, there are specific signs, such as END CONSTRUCTION or END ROAD WORK,
that are used for this purpose. The location of the last comstruction or
maintenance sign is used to denote the end of the work zone.

On one-way roads such as freeways, where the opposing direction
of travel is separated, the project limits are the beginning and ending work
zone signs. A typical roadway with one-way traffic is shown in Figure 3.
Accidents occurring on the roadway for opposing direction of travel would
not be considered work zone accidents.

On roadways with two-way traffic, the sign demoting the beginning
of a stationary work zone in one direction may not be at the same point as
the sign denoting the ending of a work zone in the opposite direction. In
this situation, the project limits are the advance work zone warning signs
for both directions, as shown in Figure 4.

For moving operations, the back-up vehicle displaying the appro-
priate warning sign designates the beginning of the work zone. For moving
operations, and also some short-term stationary operations, an END ROAD WORK
sign may not be required. For these projects, the end of the work area is
the end of the work zone.
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- The log points of the beginning and ending project limits, as lo-
cated in the field, are accurately recorded and are used to obtain the
project length in miles or feet. Any day-to-day changes in project length
should be noted. The project length is one of the values used to determine
vehicle-miles of travel, which is an important component of determining
accident rate. For moving operations, a daily log of changes in work zone
length and/or location needs to be maintained.

B. Work Zone Accidents

A work zone accident is defined as any accident that occurs within
the project limits of a work zone which is reported and investigated by a
police agency. The purpose of defining work zone accidents in this all-
inclusive manner is to avoid forcing the officer investigating the accident
to make a judgment on whether an accident was caused by, related to, or
influenced by the work zone. This judgment will be made by the project
manager and traffic engineer during the investigation and analysis of the
work zone accident.

A similar event that is neither reported nor investigated by the
police is classified as an incident and is described in Subsection C below.

Work zone personnel should investigate every accident occurring

. within the project limits. If it appears the accident is not work-related,
such as when a vehicle collides with another vehicle at an intersection,
then the investigation will involve merely recording a minimum amount of in-
formation about the accident and noting that it was not work-related. If the
accident does appear to be work-related, such as when a vehicle collides with
a work vehicle or is sideswiped near the taper of a lane closure, then a more
thorough investigation should take place.

C. Work Zone Incidents

A work zone incident is an event or evidence of an event that
indicates a hazard or potential accident situation. By identifying and
correcting these real or potential accident situations, future accidents
may be prevented. One example of an incident is an accident that was nei-
ther reported nor investigated. More than likely, thus would be a minor
mishap in which the motorist was able to drive the vehicle away from the
accident location before being detected by work zone personnel or the police.
Evidence left from the incident, such as damaged barricades or broken glass,
could indicate traffic control deficiencies depending on where, when, and
how the situation occurred. Evidence of near misses, brake light applica-
tions, and unsafe driving actions as traffic drives through the work zone
also may indicate potential problems. These events, formally called traf-
fic conflicts, are less severe and occur more often than traffic accidents.
If there appear to be many traffic conflicts within a short period of time,
it is an indication that there are problems with the work zonme traffic con-
trol system.
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Appendix A includes information on how to observe conflicts.
Counting conflicts may be too time-consuming for project personnel but can
be done by roving investigators or other district personnel.

At times it is easier for someone not directly involved with in-
stallation and operation of the work zone traffic controls to point out de-
ficiencies in the procedures. Motorist complaints are a valuable source of
information about potential problems. Police officers who patrol roads
under repair also should be asked to provide information that could be used
to improve traffic control deficiencies. Also, project or other state high-
way agency personnel (i.e., maintenance, administrative, etc.) should be
asked to drive through and identify any conditions that they believe to be
unsafe.
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IIT. DATA COLLECTION

Accident information and incident information about unreported
accidents are both helpful in determining the causes of traffic accidents.
Collecting data on traffic volume and traffic conflicts can help identify
the severity of potential hazards before accidents occur. Photography can
be used as a supplement to the information learned during other data collec-
tion processes. These are all important to the analysis process. The infor-
mation learned during an initial work zone inspection conducted immediately
after the traffic control plan is implemented may identify potential hazards
that can be corrected before any accidents ever occur.

This section of the manual covers inspection procedures for new
installations, accident data, incident data, traffic volume data, traffic
conflict observation, use of photography for data collection; and conduct-
ing spot speed studies. In addition, this section explains when each type
of data should be collected, the types of data to be collected, and tech-
niques that are useful in the data collection procedure.

A. Inspection Procedures for New Installations

A newly implemented work zone traffic control plan may not be op-
erating as well as it was originally designed to work. To lessen hazards
to motorists and workers, traffic controls should be inspected and analyzed
immediately after the traffic control plan is implemented and traffic is
driving through the work zone. This subsection presents procedures for per-
forming this inspection.

The preconstruction conference is a good time to discuss inspec=-
tion procedures, including who will perform the inspection, who has the
authority to make changes, who can be called upon for advice, and how the
contractor is involved with inspections and changes in traffic control de-
vices. The project manager, being responsible for the project, is the
logical person for this job. On projects that have a person assigned to
monitor traffic control procedures, that person could perform the inspec-
tion. On projects with complex traffic control plams, the designer or
someone from the district traffic department could do the inspection. For
objectivity, it is wise to have someone who is not familiar with the proj-
ect perform the initial inspection of a newly implemented traffic control
plan. This person may identify potential hazards that are overlooked by
the people directly involved in placing the traffic control devices.

Two ways to perform the initial inspection are by driving through
the work zone and by watching how traffic drives through the work zone.
A drive-through inspection enables the observer to see the traffic control
devices and perform the maneuvers as the other drivers are doing. This in-
spection is done in all lanes, in both directions, on crossroads, during
the day and the night, and from any entry or exit points within the zone.
Any other routes, such as detours, that have work zone traffic on them are
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to be driven also. Traffic flow patterns can also be observed from a posi-
tion along the shoulder of the roadway that enables the traffic control in-
spector to see traffic drive through a particular portion of the work zone.
If the observer is unable to view the entire work zone from one position,

separate observations from different positions will be needed. Other van-
tage points, such as overpasses, hillsides, buildings, or even airplanes,

may offer better views of the entire traffic flow pattern.

The results of the inspection are summarized by the project man-
ager or inspector, and any deficiencies and changes in the traffic control
plan are recorded in the project manager's diary or a departmental traffic
control inspection report. The inspection results will contain information
about the specific devices, how the arrangement of devices permits traffic
to flow, and any changes that were made to the traffic control plan.

A tape recorder is a good way to record immediate thoughts and
observations. Photographs, time-lapse film, video tape, or photologging
are good for capturing both the driver’'s and a bird's-eye view of the work
zone. Pictures have the advantage of being a permanent record of the traf-
fic control plan as it is installed on the highway. All recordings and
pictures are to be keyed to the project and the particular traffic control
plan. ‘

During the initial inspection, traffic control procedures are
compared with the plans and specifications. Signs are evaluated to see if
they communicate their message and are located properly. The location and
length of lane tapers and the spacing of devices are checked. Any work zone
traffic signals are installed and put in working order. Any existing signs
or signals that are not needed are removed or covered. By this time, all
proposed pavement markings should have been added and nonapplicable pavement
markings removed if the work zone is stationary and of sufficient duration.

If any flaggers are used, their performance and appearance is
checked to see that they are using the proper flagging techniques and are
wearing reflective vests and hardhats. More important, it should be deter-
mined if the work zone can be operated efficiently without flaggers. If so,
there is no need to expose flaggers to additional hazards. If there are
other workers in the area near the traveled way, they are to be properly
dressed and to avoid unnecessary exposure to traffic. It should be deter-
mined whether work vehicles are parked far enough away from the traffic.

The initial inspection includes a night visit to the work zone.
The entire arrangement of traffic control devices is checked to determine
if the devices properly delineate the path through the work zome. Any
signing that is not needed after the workday ends is covered. All steady-
burn and flashing hazard lights should be working properly. Any reflective
material used for signs and barricades should be clean and bright. New
pavement markings should be bright and should denote the pavement boundaries.
All evidence of unwanted pavement markings should be removed so that motor-
ists will not be misled into following the wrong, and possibly dangerous,
path. Results of the night inspection are recorded in the same manner as
are the day inspection results.
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Long-term stationary, short-term stationary, and moving-mainten-
ance work zones have requirements specific to each type of work activity.
Long-term stationary operations must be evaluated on a regular basis to en-
sure that the work zone traffic control plan is operating as intended and

to keep contractors from becoming complacent about maintenance of the de-~
vices. Since hazards are present for a long time, local drivers will become
familiar with the operational characteristics of the work zomne. Regular
evaluations, such as conflict studies, ensure that work zone procedures are
operating properly and that traffic control requirements are being met.
Random visits by district personnel are helpful in pointing our problems.
For long-term projects, the proper maintenance of traffic control devices
is especially important. All reflective material must be cleaned periodi-
cally, and lights and batteries must be replaced. If the work area within
a long work zone is periodically moved, the advance warning signs will have
to be moved also.

Because short-term stationary work zones are not in any one loca-
tion for very long, they may be more hazardous to motorists. Special care
should be taken to perform needed maintenance on the devices and to use pro-
per traffic control procedures. If the work area will be in place for more
than a day, all unnecessary signing should be covered at night. The project
manager should make daily inspections to ensure that proper procedures are
followed.

Moving operations, which include pavement striping, sweeping,
mowing, and pothole repair, may block a through lane while providing very
little advance warning. Drivers will have to move out of the closed lane
and past a slow-moving vehicle. Besides driving past the work vehicles to
evaluate this type of operation, the observer should drive along the shoulder.
The work vehicles should be properly signed and lighted. It should be de-
termined if the work party is creating hazardous congestion, if there are
any unsafe or erratic maneuvers by the work vehicles, and if the workers
who must venture into the roadway are properly dressed and protected by a
back-up vehicle. The project manager performs regular evaluations, and
these are supplemented by random visits by district personnel.

All newly implemented work zones need to have an initial day and
night inspection to ensure that the traffic control plan is operating as
intended. If problems appear, they should be corrected as soon as possible.
If the project manager is not confident enough to identify and implement
the corrections, advice on solutions should be sought. The person to be
consulted for advice should have been identified at the preconstruction
conference. Close liaison with this advisor will help ensure safe and ef-
ficient work zone traffic control procedures.

B. Accident Data

Accident data is the most important type of data collected in
the work zone accident data process. The details of each work zone traffic
accident should be analyzed in order to determine whether the work zone
operations and traffic controls are causing or contributing to the accident.
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If so, the work zone features contributing to the accident should be re-
designed to maximize the safety of drivers and workers. The first key to
collecting complete work zone accident data is a well-designed accident
notification procedure.

1. Accident Notification Procedure

As discussed earlier, the ideal procedure would be when the project
manager is automatically notified of all accidents whether during normal
working hours or at night or weekends. However, in practice this may not
happen. The project manager may not be aware of accidents. Also, the proj-
ect manager, traffic control inspector, or contractor's personnel may be
aware of damaged barricades, bent guardrails, or other indications of unre-
ported accidents, but they may not report these indications to the police
who normally patrol the work zone. The goal of the notification procedure
is to have police learn about and investigate all reportable work zone ac-
cidents and to have the project manager or representative be aware of all
accidents occurring within the project limits.

To meet this goal it is necessary to establish a two-way notifi-
cation procedure in which work zone personnel alert the police when an ac-
cident occurs and the police alert the project manager of all accidents
occurring within the work zone, particularly those that occur at night or
on weekends.

Before the construction season begins, the police should be asked
Lo cooperate in establishing a work zone accident notification procedure.
The groundwork for this notification procedure is laid at the preconstruc-
tion conference by informing all parties, including comtractors and police,
of the importance of speedy notification of accidents. If police are not
represented at preconstruction conferences, they must be contacted before
the start of work to discuss the notification procedure. For moving main-
tenance or utility work, it may be necessary to establish a procedure in
which police are informed of work locations weekly or even daily and asked
to report all work zone accidents. During work activities, speedy notifica-
tion of the police and the project manager is especially important because
of the need for an accident investigation by both parties.

2. Recording Accident Data

Accident data can be recorded in the project manager's diary,
in a traffic control inspection report, or on a special accident report form.
A sample accident report form for work zone accidents is shown in Figure 5.
No matter where the accident data are recorded, the items discussed in this
subsection should be included.

The purpose of the accident report form is to record information
about the accident and the work zone traffic control existing at the time
of the accident. The form is divided into three parts: the accideat de-
scription, the accident diagram, and the accident narrative.
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WORK ZONE ACCIDENT REPORT

Accident Descriptors:

Date Monday, June 23, 1980 Time __2:00 FM

Route No. (Name) L-89 Driver Names #! Mary €. Roperts
County _Lbancaster HZ Ralphn Rober’s
Wegather Clear and c.Jr-/ Milepast 407 - 408

No. of Vehicles Involved z Severity 1 _was ‘njured

Location at left+ lane chivre Laper lnvestigated by s /0"' ,

No

Mave other cecidents of similar nature occurred in this zone?

p——

If yes, give dates

Accident Diagram including all traffic controi devicas present at the
time of accident, vehicles involved, etc.:

Indiccte
North
I- 30 Median —
E 3 o Cluaiizing Cavas
O rums Pt Tywe | or Trpe il Jamsewas
B e s
C:’\ZQ i X0, sree Pt
afmmman §
Shoulder A — A € ‘\ - e Siam Svamarr
Distwnces (€2 g G0 Fewwer
A-8 = S0 # C-D= 100+ QO -@ Photo numbars B wem sme

8-C = 100 §¢  A-&= S5So+4+

Ne+ +o Scale D Comtiicr Comrer Pmesren

Accident Narrative: Jehicles were casiboond in raht Jane. Vehicle #1
slowed and was hit in the rear by Vehicle &2, Dwiver #1i
stated +Fhat she saw The flraqer motion, which nieant for her
4o stop. So she tried 4o stop and was struck by vehcle #2.
Recommendation: Check flaaaers techniave.

Resulting action: _|_drove thresan 4he work zone at* Fhree timez oF
+he day o check flaager's dechniaye , Each . azpeetisgn Thowed
trat Fhe flageer was uUsina pgroger @Procedurcs.

Time and date that action was taken: S:00 AM_ 11.g0 AN, 2199 PM o/2¢/30
Name and title: Willcs AOMM- Froject Maraaer

Figure 5 - Sample Work Zone Accident Report
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The accident description section of the report gives basic infor-
mation about the accident and allows for matching this report with the police
accident report. A copy of the police accident report or a description of
the accident is to be obtained from the investigating officer. Information
contained in the police accident report form will be needed by the district
traffic engineer to prepare the district work zone accident summary. There
should not be an over-reliance on the information in the police accident
report as it is normal for the police accident report to take a week or
longer to reach the district office, and this is too long to delay before
initiating corrective measures in the work zone. Also, the officer com-
pleting the police report will not have the knowledge of the work zone
traffic controls that is possessed by the project manager. The accident
description section also contains items that allow the project manager to
relate this accident to other accidents of the same type or within the same
area of the work zone.

The accident investigation conducted by the project manager should
focus on the status of the traffic controls in use at the time of the acci-
dent. All traffic controls should be shown in the accident diagram section
of the accident report form, including advance signing, flaggers, or police
vehicles. (It may be possible to refer to photographs or a traffic control
plan if traffic controls are extensive.) The accident diagram will show
the paths of vehicles involved and their relationship to the work activity
and the work area traffic controls. The project manager may have to make
this determination from information given by the investigating officer or
witnesses such as inspectors or contractor personnel. For the sake of uni-
formity, a legend is shown in the accident diagram section of the report
with symbols to represent various traffic control devices. An accident
diagram template with the traffic control device symbols plus other symbols
for vehicles, lane lines, curves, etc., is useful for drawing accident
diagrams. Templates may be purchased at stores selling police equipment or
engineering drawing supplies.

The third section of the report form is the accident narrative.
The accident narrative describes what happened in the accident, with special
emphasis on the involvement of the work activity at the time of the acci-
dent; problems (if any) observed in the work area traffic control devices;
and comments of those involved, such as the investigating officer and wit-
nesses. Information about the condition of traffic control devices or the
presence of specified devices should be included. The narrative descrip~-
tion of the report normally contains three types of information: facts,
statements, and recommendations. Care should be taken that statements (or
opinions) are not presented as if they were facts. The use of the three
types of information as separate paragraphs under each heading in the nar-
rative section is sometimes beneficial, especially if the narrative is ex-
tensive or it is possible to confuse facts and statements.

The work zone accident report in Figure 5 was designed for record-
ing all information about the accident. However, some state highway agencies
have developed special accident reporting forms to be used by project person-
nel who are investigating work zone accidents. The accident investigators
in those states would use the state-developed forms.
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There will be times when the accident investigator will have more
information than can be recorded on the work zone accident report form.
Figure 6 is a sample work zone accident report supplement. The supplemented
report contains an accident investigation check list, legend, and space for
notes and comments. (The sample information contained in Figure 6 supplements
that presented in Figure 5.) The accident report supplemental form can also
be used with any highway agency accident report forms. When used, the com-
pleted supplemental report should be stapled to the completed accident report.

C. Incident Data

The collection of incident data can be useful in two ways, either
to obtain additional information after an accident has occurred or to point
out a hazardous condition before an accident occurs. It is important that
incident information be recorded so that it can be used by more than one
person, can be referred to at later times, and can be used as a record of
past conditions. )

Like accidents, incidents can be recorded in the project manager's
diary, in traffic control inspection reports, or on special incident report
forms. A sample incident report form is shown in Figure 7. This form is
used to record information about incidents that are observed. If it is
decided that a formal study is required to collect and analyze traffic con-
flict incidents, then Appendix A - Traffic Conflict Counts should be con-
sulted. This appendix contains descriptions of the various types of con-
flicts as well as procedures for collecting and analyzing conflict data.

The Incident Type section on the incident report form is used to
describe and classify the incident that occurred. Several common types of
work zone incidents are listed. However, the definition of amn incident is
very broad and many other situations may be classified as work zone inci-
dents. There is also space in this block to write a description of the in-
cident if the description is not evident from the list of incident types.

The Incident Descriptors section of the report is used to record
basic information about the incident. There is also space to record previ-
ous incidents of the same type or others that have occurred in the same area
of the work zone.

The third section of the report is for the incident diagram. A
legend similar to the accident symbol legend is used to diagram the apparent
paths of the vehicle or vehicles involved in the incident or to show the lo-
cation of damaged channnelization devices, skid marks, debris, etc.

The Resulting Action section of the report is used to document any
traffic control changes or other actions that were taken. If, for example,
the locations of some advance warning signs were changed because of inci-
dents in the transition area, the reasons for the changes should be docu-
mented. The reasons for not changing the locations of the other advance
warning signs should also be documented.
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WORK ZONE ACCIDENT REPORT SUPPLEMENT

‘WORK ZONE ACCIDENT INVESTIGATION CHECKLIST
1. Natify police.
2. Record date, route, and driver names to be able to cbtain the police invesrigatian repart.
3. Photograph traffic cantrois present, including refarence distances.
4. Daescribe the accident using facts, statements. and recommendations.
* Facts - time, description of the scane, vehicle damage. physical evidence, passenger infarmation, etc.
¢ Statemaents = by drivers, witnesses, and police
* Recommaendations - follow=up action to be raken
S. When hazards or problems are documenred, solutions and actions taken must ba documented.
é. Skarch the accident diagram. Include a north arrow, highway names and numbers. paths of vehicles,

relarionship to work acrivity, and photograph locations. Make sure the information in the diagram
agrees with the other infarmarion in the repart.

LEGEND

TYPS OF COLLISICNS SIMBOLS
———— Heed On —— Maving Vehicle M Chonnelizing Jevics
S Lk tum €€ Nacking Vehicle F—i Type | or Trge it Samicsse
e loar Ernd === Nonwinvoived Vehicle 3 tyme i1 Borricode
DL Sidwmsive = Gop. Direction e Pedatrion Arrers Pariat

N, Siderwipe - Same Oirweri Parsed Vemicle L Sign Sucpert
T = Cut of Conrrod @3} Cvermumed Vehicte TC fiagger

[ Rght Angle Q] Fined Chieer E:< ¢ [ Werk Ares
(] Flued Obiect

Notes and comments: _All  dual advance warning sians (48 'x48") were

in place  and included "40 mpeh " ﬁ.dvisory speed signs,

L " ROAD coNSTRVCTION | MiILE "

I

LEFT LANE CLOSED AHEAD "

LEFT LANE clLosgd zeooFT '

“ FLAGMAN 500FT'

2.
3.
4 21
s.
6.

“ END CONSTRUCTION"

The police accident report was obtained Tuesday Jviy I, 1980,

Figure 6 - Sample Work Zone Accident Report Supplement
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WORK ZONE INCIDENT REPORT

Incident Type:

Observed unreported accident 1 Erratic maneuvers —
Damaged traffic control device i Rear - end conflicts ——

Skid marks on vehicle track off - roadway —— Lane change conflicts —
Vehicles stopping in roadway o— Slow vehicle conflicts —
Traffic backups . Slow = to - merge conflicts —

Complaint from drivers, police or workers __. Unsafe driving actions
Shoulder or lane encroachments —

Other (Explain)
Description of the incident TTruck with a wide load hit auard raj|

and__kep+ on_ going.

Incident Descriptors:. TR-80 - G(88)122
Date o/1/80 Time 4i30_PM_ Royte No. 2282 __ Job No.
Milepost or Location near ™Me 172 Weather _Partly cloudy

Number of vehicles involved !
Have other similar incidents occurred in this area? —No
If yes, explain

Incident Diagram

J“ LECEND
1-80 median waork area indicat | S S
Tee%% ot T e e
T2 Type i1l Borricans
closed lane 2,,’.,;";
= S , : _ (=] e o
fap westbound e _9 S e Sigm Sumerr
Borvier rail - g

e S S

A7 vehicle 1 was a truck lane width=12°d" @ Comiw @ ;

Resulting action: _Repaired minor damaae +o +he aquard rail.

Time and date thaf action was taken: 6:00 PM 6/11/80
Name and title: A 771 ¢ Quiaton Croject Manager

Figure 7 - Sample Work Zomne Incident Report
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D. Traffic Volume Data

Traffic volume data are needed when analyzing work zone safety
and operational problems. Average daily traffic counts are used to compute
accident rates, and hourly counts will show periods of heavy traffic flow
and may be used for scheduling work activity. Traffic volume data should
be collected as a routine activity since it is desired to know the relative
exposure of the work zone feature under examination and to be able to com-
pare the relative safety of two or more work zones. The use of traffic
volume data in the work zonme accident data process is described in detail
in Appendix B.

E. Traffic Conflict Observation

The traffic conflict technique is a method of observing and clas-
sifying traffic events. These counts can sometimes be used to describe
reasons why accidents are occurring. Traffic conflict counts can also in-
dicate potential hazards before traffic accidents occur. If traffic con-
trol problems are occurring and the solutions to the problems are not ap-
parent, the project manager should consider performing a traffic conflict
study. Definitions, collection, and analysis of traffic conflict data are
discussed in Appendix A.

F. Use of Photography for Data Collection

The use of photographic techniques can be of help in collecting
data about work zone traffic accidents and traffic control problems. Photo-
graphic techniques used to document the positions of vehicles and traffic
control devices ensure that no important details of the accident investiga-
tion or traffic control inspection are overlooked. The photographing of
accident scenes, traffic controls, and traffic operations are discussed in
detail in Appendix C.

G. Conducting Speed Studies

If speed controls are part of the work zone traffic control plan,
or speed control is an identified traffic control problem, the project manager
or roving investigator may want to conduct a spot speed study. Appendix D
discusses the procedure for collection and analysis of spot speeds.
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IV. DATA ANALYSIS

The value of collected data is lost if the data are not used to
find solutions to work zone traffic control problems. This chapter ex-
plains how the data collected in the work zome accident data process are
analyzed to determine problems in traffic controls and the changes needed.

The analysis procedure described in this manual has five steps,
listed as follows:

1. Initiate an analysis whenever there are indications of pro-
blems in the work zone traffic control plan, such as an ac-
cident or a series of repeated similar conflicts or other
incidents;

2. Analyze the details of the accident or incident. If records
are available, look for accident or incident patterns. Deter-
mine: (a) when accidents or incidents are occurring, (b)
where accidents or incidents are occurring, (c) the types of
accidents or incidents that are occurring, and (d) the sever-
ity of accidents or incidents;

3. Consider requesting additional data collection to supplement
available data;

4, Identify problems and corrective actions using Tables 2, 3,
and 4 (pp. 34 to 38) which detail possible traffic control
changes based on selected indicators;

5. Turn over findings to a multi-discipline review team for
consideration and action.

A. Accident Analysis

Accidents are the most serious indication of work zone traffic
control problems. When one occurs, all possible steps should be taken to
determine its cause and to make corrections that will reduce the probabil-
ity of additional accidents of the same type.

If an accident occurs within the project limits, this does not
automatically mean that a change in work zone traffic controls is required.
Accidents are a statistically rare occurrence, the cause of any one accident
is very hard to determine, and most accidents usually are the result of a
combination of factors. .
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One should not be misled by thinking that most accidents are the
fault of an inattentive, drunk or otherwise unfit drivers. The responsibil-
ity of those working on the roadway is to prevent accidents that are related
to construction or maintenance work. The occurrence of an accident that is
construction-related is sufficient reason to initiate an analysis of the
accident. The occurrence of two or more accidents that are related to the
same cause should be given even quicker accident analysis.

The first step in determining the cause is to examine the rela-
tionship of the accident to the existing work zone traffic controls. If
there appears to be a connection, the problem can be further examined by
collecting conflict data or other data on work zone traffic operations that
might be helpful, such as, if available, accident data on the roadway be-
fore the work project started. If a significant increase in accidents has
occurred in the project area since the work zone was established and if
there are significant differences between the type of accidents occurring
during the work activity and the type occurring before the work began,
there is good reason to suspect the problem may be associated with the work
zone traffic control or the work activity.

As the number of accidents in the work zone increases, it becomes
more urgent to determine if the accidents are associated with the work activ-
ity or work zone traffic controls. The following discussion covers the var-
ious methods of analyzing a set of accident data. It may also be advisable
to request help from the district traffic engineer or roving investigator.

The analysis of a set of accident data should be done by classi-
fying the accidents and by determining what classifications occur most fre-
quently. Accidents are most commonly classified by: location; accident
type; time of day; weather, light, and road surface conditions; and severity.
These accident classifications are summarized in Table 1.

The location of the accident can be classified as at an intersec-
tion or at another location in the work zone. For many work zones, particu-
larly those that are stationary, the location of accidents can be specified
by the area of the work zonme. It is important to divide work zones into
areas because there are varying traffic control requirements in each area
based on driver responses required for safe operation. These areas are
common to all types of work zones and are described below. Figure 8 illus-
trates five areas within a work zome requiring a lane closure.

Advance Warning Area - Begins with the first information to drivers
that they are approaching a work area. On high-speed expressways, the Ad-
vance Warning area may begin 1 to 2 miles upstream of the work areas. In
this area of the work zone, the driver is given information about the actual
condition of the roadway ahead and the actions that will be required to travel
through the work zone. Although no physical restrictions narrow the roadway
in the Advance Warning area, there are often slowing and merging maneuvers
as drivers adjust their speed and position based on their concept of the
safe path through the work zone.
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TABLE 1

METHODS OF ACCIDENT CLASSIFICATION

Location

Intersection

Milepost

Areas of the Work Zone
Advance Warning Area
Transition Area
Buffer Space
Work Area
Termination Area

Accident Type

Ran off road
Overturn
Fixed object

At Intersections or Interchanges On Highway Sections
Right angle
Rear-end
Sideswipe or merging
Head-on

Pedestrian (or worker)
Fixed object
Overturning

Right turn

Left turn

Time of Day

6:00 AM to noon
Noon to 6:00 PM
6:00 PM to midnight
Midnight to 6:00 AM

Weather, Light, and Road Surface Conditions

Weather Lighting Surface
Cloudy . Daylight . Dry
Clear . Darkness . Wet
Rain . Dawn or dusk . Snow or ice
Snow . Artificial
lighting
Severity

Property damage only
Nonfatal injury
Possible injury
Nonincapacitating
Incapacitating
Fatal

Pedestrian {or worker)
Rear-end
Sideswipe
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TERMINATION AREA
~- lets traffic resume
normal driving.

WORK AREA

BUFFER SPACE
-- provides protection for
traffic and workers.

TRANSITION AREA

-~ moves traffic out
of its normal path.

ADVANCE WARNING AREA
-~ tells traffic what to
expect ahead.,

8 Channelizing
Device

Work Area

Figure 8 - Areas of Traffic Control in a Work Zone
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Transition Area - Begins at the point where traffic is laterally
channelized from the normal highway lanes by devices such as cones or bar-
ricades arranged in a taper, to guide traffic around the work area to the
part of the roadway that is open through the work zone.

Buffer Space - The open or unoccupied space between the transition
and work areas. The buffer space allows a margin of safety for both traffic
and workers by providng room to stop before the work area if a driver fails
to negotiate the transition.

Work Area - That portion of the work zone where work is going on
or is going to be done. The work area is completely closed to traffic and
is set aside exclusively for workers, equipment, and construction materials.
Work areas may remain in fixed locations or may move as work progresses.
The work area is usually delineated by channelizing devices or shielded by
barriers to exclude traffic and pedesterianms.

Termination Area - The area downstream from the work area where
traffic returns to the normal traffic lanes of the roadway. it extends
from the downstream end of the work area to the END CONSTRUCTION or END
ROAD WORK sign, and may contain channelizing devices arranged in a taper.

One method of summarizing the location of work zone accidents is
by drawing a collision diagram. A sample collision diagram for a stationary
work zone is shown in Figure 9. The collision diagram is
sketched on a plan of the work zone that shows work zone traffic controls
and the location of crossovers, lane closures, etc. If there is space on
the collision diagram, other details should be noted about each accident
such as:

Date, day of week, and time of accident;
Weather or pavement conditions;

Light conditions; and

Number of injuries or fatalities.

Also, any special circumstances or driver comments about the ac-
cident should be noted, such as "accident occurred during period of traffic
backup" or "driver did not perceive lane closure early enough to merge into
open lane."

After all accidents have been sketched, the collision diagram is
analyzed to determine evidence of accident patterns. The type of accident

occurring in each part of the work zone, the time of occurrence, and the
weather conditions are also to be identified.
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In addition to analyzing accident data by classification, the
accident rate should be determined. This is the ratio between the number
of accidents at a location and the exposure to traffic volume. For most
work zones, the accident rate is determined in the same manner as for any
highway section. For a highway section, the accident rate is defined as:

Accident Rate R = ﬁﬂlilgfl___
(D) (ADT) (1)
where R = accident rate in accidents per 100 million vehicle-miles
N = number of accidents during the project duration
D = duration of the project in days
ADT = average daily traffic of the work zome in vehicles per day
L = length of the project in miles

For example, if a project 5.03 miles long that lasted 191 days with an aver-
age daily traffic volume of 6,000 vehicles experienced nine accidents, it
would have an accident rate of:

8
R = 9 x 10 = 156.1 accidents per 100 million vehicle
191 x 6,000 x 5.03 miles of travel.

Accident rates for before construction can be compared to during
construction time periods; between work zones of the same type in different
parts of the state; or between work zones and all roads of that type in the
state. A 1977 MRI report! states that the average increase in accident
rates for before-during construction of 79 projects in seven states was 6.8%,
with 24% of the projects experiencing rate increases of 50% or more and 31%
of the projects experiencing rate decreases.

B. Incident Analysis

Work zome incidents are analyzed in the same manner as work zone
accidents. That is, the analyst looks for patterns of incidents and tries
to determine probable causes and possible traffic control changes that will
reduce hazards. If the project manager or traffic control specialist per-
forming the analysis is responsible for simultaneous work zone projects,
similar patterns of incidents existing on each project should be looked for.
This will develop a data base of problems and solutions. Discussions with
other project managers may also lead to solutionms.

The construction, maintenance, or traffic departments at the dis-
trict office may be aware of similar problems in the district, or even
statewide. These departments will also be developing data bases containing
accident, incident, construction, maintenance, and traffic information. An
incident that may seem like a random event to a project manager may actually
be part of a pattern of incidents when combined with data collected by
analysts at the district office.
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The analysis of traffic conflict data (a special type of incident
data) is described in Appendix A, Traffic Conflict Counts.

C. Analysis of Other Data

Analysis of traffic accidents and incidents may provide some in-
dication of the extent of hazard present in a work zome. The analysis of
other more common data will also be valuable in identifying shortcomings in
traffic control procedures or actual traffic patterns which, if left un-
altered, could generate accidents or adversely affect traffic operations.

1. Traffic Volume

Traffic volume counts are conducted to determine the numbers of
vehicles, types of vehicles, times of peak flow, and direction of traffic
flow. There are many types of traffic volume counts used in the design and
analysis of street and highway networks. Traffic volume counts can be con-
ducted in time intervals ranging from 5-min increments to continuously, de-
pending on the intended use of the data. The use of traffic volume data is
discussed further in Appendix B.

Before a highway construction or maintenance project begins, the
capacity of the altered roadway is analyzed to determine if the presence of
a work zone will adversely affect traffic flow. If so, the highway agency
will need to reduce traffic by rerouting some of the vehicles or increasing
capacity by widening the traveled roadway.

2. Speed Data

Although not collected in every work zone, speed data can be bene-
ficial in zones where accidents or incidents are linked to high speed or
where vehicle speeds vary greatly. Analysis of speed data is described in
Appendix D.

3. Traffic Control Plans and Photographs

When performing an analysis, the project manager should use traf-
fic control plans and photographs to document procedures as well as for
clearer understanding of problems and possible solutions. The first drive-
through inspection, which includes photographing the work zone, should be
used to compare the design of the traffic control plan with the actual in-
stallation of devices. This is also a good time to determine if the plan,
as designed, is operating safely.

Any changes in the location or arrangement of devices should be
recorded on the plan and, for complete documentation, also photographed.
If possible, an additional set of traffic control plans should be obtained
so that traffic control problems or future changes can be analyzed using
the scale drawings. These plans can then be used for sketching possible
changes and for working out design problems.
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The locations and dates of any traffic conflict, volume, or speed
studies should be recorded on the traffic control plan. The use of a refer-
ence code (date, day of the week, time, location, etc.) will enable easy
retrieval of data collected in various studies so that they can all be re-
lated to the work zone and used to determine the effectiveness of traffic
control changes.

Traffic control plans should also be used to record accident in-
formation. By recording the type, date, and location of each accident on
the plan, a continuous collision diagram will be produced. This may help
identify traffic problems and trouble spots within the work zone and will
help other project managers and traffic engineers identify similar problems
and solutions in other work zones.

Recording as much pertinent information as possible on the traf-
fic control plan creates a permanent record of the traffic control history
of the project and documents the effort that the project manager and project
staff expend in providing a safe path through the work zone.

D. Problem Identification and Correction

When accidents, incidents, and other data have been analyzed and
the pattern of accidents or incidents has been determined, traffic control
changes to alleviate the problem must be sought. Tables 2, 3, and 4 are de-
signed to cover a set of possible safety or operational problems and traffic
control changes in a work zone to be made in response to a pattern of indi-
cators.

The tables are organized by indicator classification. The three
classifications used are: indicators by (a) location of problem; (b) acci-
dent type; and (c) time-of-day or weather conditiomns.

To use the table, the project manager should find the indicator
description that best typifies the results of the accident, incident, or
other traffic data analysis; and then decide what traffic cperational or
safety problem may have caused or contributed to the occurrences of the
accident, incident, or other indicators. With each problem all possible
traffic control changes should be considered.
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Table 2 - Problem Identification and Correction by

LOCATION OF PROBLEM

LOCATION POSSIBLE PROBLEM POSSIBLE TRAFFIC CONTROL CHANGE
1. Accidents or incidents Insufficient advance warning Add advanced warning signs.
occurring in the warning signs. Increase size of advance warning signs.
or approach area of the Use variable message signs or arrow boards.
work zone. -
Speeds too high or high Add advisory speed signs.
variance in speeds. Provide speed enforcement patrols.
Install rumble strips.
Improper flagging technique. Train flaggers.
Move flaggers upstream.
Replace flaggers with signals.
Insufficient work zone Provide alternate routes.
traffic capacity. Increase capacity by routing traffic onto shoulder.
Change work schedule to exclude peak traffic periods,
Signs not visible at night. Mount signs at correct height above roadway.
Install flashing warning lights or signs.
Replace signs not meeting visibility requirements.
Illuminate signs.
Improper lane changes. Add arrow board.
Lengthen taper.
Move taper position upstream.
2. Accidents or incidents Insufficient advance warning. Add advance warning signs.

occuring in the transi-
tion area of the work

zone.

Increase size of advance warning signs.
Move taper upstream to increase sight distance.
Use variable message sign or arrow boards.

Lack of sufficient sight
distance to taper.

Move taper upstream to increase sight distance.

Improper merging at lane
closures.

Add arrow board.
Move taper upstresm to increase sight diatance,
Lengthen taper.

Insufficient work zone
capacity.

Provide alternate routes.
Incresse capacity by routing traffic onto shoulder.
Change work schedule to exclude peak traffic periods.

Transition not visible at
night.

Illuminate or reflectorize channelizing devices.
Add arrow board.
Add temporary pavement markers.

Speeds too high or high
variance in speeds.

Provide speed enforcement patrols.
Install rumble strips.
Add advisory speed signs.

Advance warning signs too far
upstream from transition.

Move warning signs more frequently.
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TABLE

2 (concluded)

LOCATION

POSSIBLE PROBLEM

POSSIBLE TRAFFIC CONTROL CHANGE

Move equipment.

3. Accidents or incidents Workers or equipment too near
occurring in the work traffic stream. Add pertable concrete barriers.
area of the work zone. Instruct workers to wear hard hats and safety vests.
Instruct workers to stay as far as possible from traffic stream.
Install Highway Advisory Radio.
Motorists watching work Install sight barriers.
activity.
Speeds too high or high Install rumble strips.
variance in speeds. Provide speed enforcement patrols.
- Add advisory speed signms.
Access and egress of work Relocate work vehicle access and egress points.
vehicles into traffic stream. | Furnish flaggers.
Insufficient work zone traffic| Provide alternate routes.
capacity. increase capacity by routing onto shoulder.
Change work schedule to exclude peak traffic periods.
Install Highway Advisory Radio.
Reduce length of work area.
4, Accidents or incidents Passing in no-passing zone. Reduce length of sectionm.
on two-lane, two-way Provide police enforcement.
traffic operations on Provide cones or tubes on centerline of two-Wway section.
divided highways. Provide concrete median barriers.
Change to alternate type of work zome such as bypass roadway
or detour.
Use variable message signs.
Insufficient work zone traffic| Provide alternate routes.
capacity Build bypass roadway.
Widen lanes.
5. Accidents or incidents Excessive vehicle queues and Reduce length of section.
on one lane sections delays. Provide pace vehicle.
with alternating direc~
tion traffic operations.
Improper flagging technique. Train flaggers.
Move flaggers upstream,
Replace flagger with signals.
6. Accidents or incidents Inadequate design for prevail-l Improve curve design.
occurring on curves. ing vehicle spaeeds. Improve edge line delineation.
Add advisory speed plates.
7. Accidents or incidents Insufficient crossover delin- | Remove old pavement markings.

occurring at median
crossovers.

eation.

Install new pavement markings.
Install raised pavement markers.
Install lights on channelizing devices.

Speeds too high or high Provide speed enforcement patrols
variance in speeds Improve crossover design.
Add advisory speed signs.
Install rumble strips.
shifting of cargo loads in Improve crossover design.
trucks Provide speed enforcement patrols.

Add advisory speed signs.
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Table 3 - Problem Identification and Correction by

ACCIDENT TYPE

ACCIDENT TYPE

POSSIBLE PROBLEM

POSSIBLE TRAFFIC CONTROL CHANGE

1.

Fixed object accidents.

Narrow work zone roadway.

Widen roadway by moving channelizing devices or by using

narrower devices.
Improve reflectivity and delineation of devices.
Illuminate or reflectorize channelizing devices.

Increase roadway width by routing traffic onto the shoulder.

Insufficient advance warning.

Move taper upstream to increase sight distance.
Add arrow board.

Drums rolling into travel lane

Replace drums with barricades.

Increase traffic control device inspection frequency.

Too many traffic control de-
vices in or near roadway.

Provide portable concrete median barriers.
Increase spacing between devices.

2.

Pedestrian accidents or
incidents involving
pedestrians.

Pedestrians on the roadway.

Build separate walkway.
Inscall barriers between pedestrians and traffic.
Restrict pedestrian movements.

Workers in or near traffic

Install barriers between pedestrians and traffic.

Truck accidents or in-
cidents involving trucks]

Speeds too high or high var-
iance in speeds.

Increase design speeds.

Provide speed enforcement patrols.
Add advisory speed plates.

Add rumble strips.

Use variable message signs.

Work zone roadway too narrow
for large vehicles.

Provide truck detours.
Widen work zome roadway.

Inadequate work zone pavement
thickness to support large
vehicles.

Provide truck detours.
Increase pavement strength.

Low truck speeds on grades.

Provide climbing lanes.
Provide truck detours.
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TABLE 3 (concluded)

ACCIDENT TYPE

POSSIBLE PROBLEM

POSSIBLE TRAFFIC CONTROL CHANGE

4. Head-on accidents or
passing conflicts.

Divided highway with two-way

traffic operations.

Install median barriers.

Use alternate type of work zone.

Shorten length of two-way traffic operation.
Install channelizacing devices on center line.

Slow-moving maintenance
operations.

Require work train to allow vehicles to pass occasionally.
Improve signing and lighting of work vehicle.
Change work schedule to periods of lower traffic volume.

5. Rear-end accidents or
slow-moving vehicle con-o
flicts.

Insufficient work zone traffic]

capacity.

Provide alternate routas.

Change work schedule to exclude peak traffic periods.
Increase capacity by routing traffic onto shoulder.
Reduce length of work area.

Install warning signs.

Poor work vehicle access or
egress to traffic stream.

Change work vehicle access or egress points.
Provide flagger.

Improper flagging technique.

Train flaggers.

Move flagger upstream.

Replace flagger with signals.

Provide extra flagger positioned near the upstream end of
vehicle queue.

Rear-end accidents or
slow-moving vehicle
conflicts. (concluded)

High variance in vehicle
speeds.

Provide reasonable speed limits.
Provide speed enforcement patrols.

6. Sideswipe same direc-
tion accidents, merging
accidents and lane
change or slow~to-merge
conflicts

Insufficient taper length.

Lengthen taper.

Add arrow board.

Position arrow board near start of taper.

Move taper upstream to increase sight distance.

Insufficient acceleration
lane length.

Lengthen taper.

Install yield or stop signs on on-ramp.
Close on-ramp.

Build temporary ramp downstream.

Incorrect taper placement.

Move taper upstream tv increase eight distance.
Add arrow board.
Position arrow board near start of taper.

7. Run-off~road accidents
or shoulder encroach=-
ments.

Narrow roadway.

Widen roadway.
Provide speed enforcement patrols.
Improve edge line delineatiom.
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Table 4.

Problem Identification and Correction by

TIME-OF-DAY OR WEATHER CONDITIONS

TIME-OF=-DAY OR WEATHER

POSS1BLE PROBLEM

POSSIBLE .TRAFFIC CONTROL CHANGE

l. Night accidents

Poor visibility or delineation

Illuminate or reflectorize channelizing devices.
Remove old pavement markings.

Add temporary pavement markers.

Add temporary pavement edge lines.

Add arrow board.

Equipment or vehicles stored
near roadway.

Store vehicles and equipment at location sway from roadway.

2. Accidents or incidents
during periods of peak
traffic volume,

Insufficient work zone traffic
capacity.

Provide alternate routes.

Increase capacity by routing traffic omto shoulder.
Change work schedule to exclude peak traffic periods.
Change work zome type.

Access and egress of work
vehicles into traffic stream.

Relocate work vehicle access and egress points.
Furnish flaggers.

3 . Accidents or incidents
during weekend periods.

Vandalized or stolen traffic
control devices.

Furnish night watchmen.
Increase police patrols.

Trucks or recreational vehi-
cles unable to negotiate
curves.

Redesign work zome using higher design speed.
Broadcast warning messages via coomercial or citizens
band radio.

Lengthen tapers.

4. Accidents or incidents
during inclement wea~
ther.

Poor visibility or delinea-
tion.

Remove old pavement markings and replace with new pavement
markings.
Install raised pavement markers.

Poor drainage.

Improve superelevatiom.
Patch low pavement areas.
Prevent mud from washing onto roadway.
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V. IMPLEMENTATION OF CORRECTIVE ACTIONS

Once a solution to a traffic control problem or potential hazard
is determined, appropriate changes are made through the corrective action
process. This is defined as making changes in traffic controls or in traf-
fic control procedures or policies, based on the analysis of work zone ac-
cident or incident data.

Information contained in this chapter will help the project manager
implement corrective actions. Subjects covered in detail are: when to,
how to, and who should implement changes; evaluating changes; the contrac-
tor's role in implementing changes; and liability considerationms.

A. Types of Traffic Control Changes

The traffic control changes specified in Tables 2, 3, and 4 range
in complexity from simply setting up enforcement patrols, to changing the
basic work zone type.

Traffic control changes have been divided into three classes in
order to specify what actions the project manager should take. Minor
changes mean changes that can be made quickly with little or no change in
the traffic control plan of a project. Examples of minor changes would be
providing speed enforcement patrols, replacing cones with barricades,
lengthening a taper, adding advisory speed plates, furnishing larger ad-
vance warning signs, and changing the work schedule. Most of the changes
made in a work zone will be minor.

Moderate changes require more time than minor changes and usually
involve a basic alteration or addition to the traffic control plan. Ex-
amples of moderate changes would be adding an arrow board at a lane closure,
moving the location of a taper, installing portable concrete median barriers,
and replacing flaggers with signals.

Major changes involve a complete departure from the original con-
cept of traffic control for a project. Many times a major change requires
days or even weeks and may involve a change-order in the contract or work
order. Examples of major traffic control changes would be adding a bypass
roadway, reconstructing a median crossover, and adding an extra backup
vehicle for a moving operation.

B. When To Implement Changes

Corrective changes are to be implemented when a deficiency in the
traffic control procedures is obvious; when analysis of project accidents or
incidents point to a solution; or when solutions have been derived from simi-
lar problems in other work zones. Obvious deficiencies such as missing signs,
damaged devices, or insufficient sight distance are usually discovered during
regular inspections and should be corrected immediately. Project managers
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themselves can analyze accident or incident data, but more than likely the
amount of data available will not be sufficient for significant results and
conclusions. Often the project manager will need to rely on the advice of
the district traffic engineer who is assembling accident and incident data
on all district work zone projects. By combining accident or incident data
for the entire district, the traffic engineer may be able to determine pat-
terns of potential hazards and traffic control deficiencies and thereby pro-
pose solutions to these problems.

Through the process of discovering and diagnosing work zone traf-
fic control deficiencies, the project manager will develop more confidence
in implementing corrective actions. If there is any doubt about what traf-
fic control change to make, or even if a change is justified, the project
manager should contact the district office to seek advice. Implementing
corrective changes without thorough study and sufficient data can be counter
productive to traffic safety and can cause needless waste of manpower and
equipment. The traffic department may be the logical contact, but the con-
struction, maintenance, or design departments may also provide the solution
to the problem.

If the project manager believes that suspending work could reduce
hazards and potential accident situations, doing so is an option. But this
is the project manager's last choice, and it should be done only when there
are serious problems that cannot be solved any other way. '

C. How To Implement Changes

Corrective changes to work zone traffic control procedures should
be done with minimum disruption to traffic. . Additional workers and vehicles
along the work zone will divert drivers' attention, so the faster the changes
are performed, the shorter the time that this additional hazard is present.
However, safety precautions such as reflective clothing, flashing vehicle
warning lights on back-up vehicles, or the correct mode on portable arrow
boards should not be overlooked for the sake of reducing the time required
to implement corrective changes.

When implementing corrective changes, the work team usually will
start at the upstream end of the work zone--the normal procedure used to
deploy traffic control devices. A device should not be moved from its
original position to the new location if there is a possibility that an
additional hazard will be created by the absence of the device. For ex-
ample, if it has been decided to move the entire set of advance warning
signs upstream of a horizontal curve to improve sight distance, it may be
best to install a new set of signs before removing the original signs.

In changing the location of a lane taper®, the new taper should
always be made fully operational before the existing taper and related traf-
fic controls are removed. Depending on the location of the new taper, the
positions of the advance warning signs also may have to be moved. If the

* Taper refers to the cones, pavement markings, and/or barricades used to
physically define the boundary of a lane closure.
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taper is moved upstream, the signing may not provide adequate warning time
and distance. Downstream moves may leave such a large gap between the ad-
vance warning signs and the work zone that motorists either forget that they
are approaching a work zome or else lose respect for signing that appears to
them to be needless. In either case, the motorists could be surprised and
confused upon discovering that they might maneuver their vehicle through a
work zone.

To document the changes, if the existing traffic control plan can
be used, the new positions are noted on this plan. If not, then a sketch
of the proposed changes can be drawn.

Every member of the team performing the changes should have spe-
cific tasks to do. This will reduce the time spent on the roadway as well
as keep unnecessary exposure to traffic to a minimum.

Corrective actions should be implemented as soon as possible.
However, there might have to be a trade-off between leaving the existing
hazard in place or creating a new hazard by trying to make the change under
adverse traffic conditions. For example, if it is decided to implement a
change that would alleviate rush hour congestion, should motorists suffer
through another day of congestion and possible rear-end accidents, or should
the team try to make an immediate change? The presence of the team making
the safety change may be more hazardous than the congestion. Maybe the
change could be implemented during an off-peak period.

Of course, each work zone is different and will have to be ana-
lyzed on an individual basis. Every corrective traffic control change must
be substantiated, planned, carefully implemented, and documented to avoid
creating additional hazards.

D. Who Should Implement Changes

The extent of the project manager's decision-making in term of
implementing traffic control changes will depend on the class of traffic
control change--minor, moderate, or major. Minor changes can usually be
made under the direction of the project manager. These deficiencies may be
identified by routine inspections and will usually involve replacing or
moving devices, or other changes that the project manager feels confident
in performing. Moderate changes include substantial changes to the traffic
control plan, changes such as additional signing or relocation of a taper.
The project manager will usually make moderate changes but may want to con-
tact the appropriate district personnel for advice. This may be a telephone
conversation with the designer of the plan or with a member of the legal
department, or it may be an on-site visit by a traffic engineer. Having an
advisor visit the work zone to provide traffic control advice relieves the
project manager of being forced to make decisions about complex traffic con-
trol changes.

Major changes could involve a new traffic control procedure or
changes in alignment, such as reconstructing a crossover. The project
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manager will provide information and advice to help determine type and ex-
tent of changes required. These major changes may be costly and will re-
quire district approval before they are initiated. For major changes, the
construction, maintenance, design, and traffic departments may be involved.
The contractor will probably have to build the changes, thus requiring a

change-order.

E. Contractor's Role in Implementing Changes

On projects where the construction or maintenance contractor is
responsible for physically placing and maintaining traffic control devices,
the contractor's role in implementing any corrective action changes must be
determined before the project begins. This is the only way to emsure that
needed changes are performed with minimum disruption to work activity. This
type of preplanning also helps to promote a good relationship between the
contractor and the project manager.

The procedures that describe what is expected of the contractor
in performing corrective action traffic control changes should be detailed
in the contract and in the work plan specifications. More than likely, the
meaning of these procedures will need to be discussed. The time to iron
out all problems that could arise from interpreting these procedures is at
the preconstruction conference.

Procedures for payment of changes to the Traffic Control Plan,
should changes be necessary, must be defined in the contract document. Pay-
ment for installation and maintenance of traffic control devices could be by
the lump-sum-bid method, pay-item method, or a combination of the two.

F. Evaluating Changes

Any traffic control changes that are implemented need to be docu-
mented and evaluated to ensure that the corrections are producing the de-
sired results. As a minimum, documentation should include: what was
changed, when it was changed, why it was changed, and who changed it.
Traffic control plans should be updated to reflect existing conditions.
Any standards or specifications that were followed as well as instructions
to contractors should be noted in the project diary.? Photography is also
a good way to record the physical details of a traffic control change.

After implementing a corrective action, the project manager is
expected to inspect and evaluate the change to ensure that traffic flow and
work zone safety have not been adversely affected. A minor change, such as
relocating one sign, may require only a drive-through inspection to see that
the sign has the correct message, is in the desired location, and is properly
positioned toward oncoming traffic. A moderate or major traffic control
change will require a more detailed investigation, such as that described in
the Inspection Procedures for New Installations section of Chapter III.
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G. Liability Considerations

Any person involved in designing, placing, or maintaining the
traffic control devices in a construction or maintenance work zone will be
concerned about being liable should a traffic accident occur. Although it
may not be possible to avoid legal liability, there are means to protect
the project manager or other highway worker should a case go to court. The
information presented in this section is general in nature; the highway
worker will want to consult someone in the agency to learn the state's laws
concerning liability as a highway agency employee.

There are two types of tasks a highway worker can perform: those
that require a judgment decision, and those that require little or no judg-
ment. A job that requires judgment, such as road design, is called a dis-
cretionary function. Generally, if a job requires judgment, the person
performing the discretionary function may be free of liability.® Another
discretionary function is to make changes to existing traffic controls.

A person doing a task requiring little or no judgment, such as
installing a sign at a prescribed location, is performing a ministerial
function. If the sign is carelessly selected or the employee knowingly
did a poor job in locating the sign, liability could be found if an acci-
dent resulted because of the improper sign. Changes may be made to func-
tions normally considered ministerial, however, if changes are made, the
reasons for the changes should be documented.

It is not known how courts will react to lawsuits resulting from
accidents involving different jobs performed by highway workers, since most
workers perform both discretionary and ministerial functions. To prevent
or help defend against such lawsuits, the highway worker should follow
these suggestions:?2

. Use the state or national Manual on Uniform Traffic Control
Devices for Streets and Highways (MUTCD) or other nationally
accepted procedures to design and implement traffic control
plans.

. Make sure that all devices present clear messages and are
clean and in proper working order at all times.

. Document all work zone traffic control procedures and any
changes done to the traffic control plan. The benefit of
this is that the documentation proves what traffic controls
were in place if accidents occur.

. Perform and document regular work zone inspections.

. Remove all unneeded equipment, building material, and traf-
fic control devices from the work zone as soon as possible.

. To the extent possible, protect motorists, pedestrians, and

workers from hazardous conditions that could lead to an ac-
cident or from injury should an accident occur.
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H. Changes in Traffic Control Policies or Procedures

Policy is the course or method of action that guides and deter-
mines present or future decisions about work zome traffic controls. Work
zone procedures are the traditional or established way of performing con-
struction or maintenance traffic control.

Changes in policies or procedures should be initiated by the state
work zone review team. This team would normally be comprised of construction,
maintenance, traffic, and design engineers, utility company representatives,
state police officers, FHWA representatives, and others. This team should
review the annual statewide accident summary, review district suggestions,
recommend policy changes, and recommend procedural changes. All recommenda-
tions will be sent to the districts to be implemented during the next con-
struction season.

The suggestions for improving work zone traffic control proce-
dures that are submitted by the districts are an important part of this
process. All design, construction, maintenance, and traffic engineering
personnel involved in work zone activities will have ideas on ways to im-
prove traffic control procedures as viewed from their particular job posi-
tion. These people should make every effort to submit ideas for improving
techniques. Only in this way can the state work zone review team combine
results of the statewide accident analysis with the districts' suggestions
to derive policies and procedures that are meaningful to the designers and
project managers who are implementing them.
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VI. PROJECT AND STATEWIDE ACCIDENT SUMMARIES

The work zone accident data process has two objectives:

1. To promote immediate analysis of work zone accidents and in-
cidents by project managers; and

2. To develop a data base that can be used for statewide analysis
of work zone accidents.

This section specifies the data that are transmitted by the project
manager to the district traffic engineer (or, alternatively, to the district
construction or maintenance section or utility company) and the general pro-
cedure used to analyze this data. Even though these procedures will not
normally be performed at the project level, they are presented in this
manual so that the project manager will be aware of how the data collected
at the project level are used at the district and state levels.

A. Data Transmitted to the District Traffic Engineer

At regular intervals the project manager will send accident, in-
cident, and other collected information (such as traffic counts) to the
district traffic engineer (or othéer responsible person) to be used in prep-
aration of the project accident summary. On projects of more than a month's
duration, the data should be submitted at least once a month. It is pos-
sible to submit the data with normal construction progress reports. For
construction projects of less than one month's duration, data will be sub-
mitted at the end of the job. For maintenance or utility work that requires
one day or less, it is necessary only to submit data when accidents occur
on the job or when incidents are observed. :

Some information about each accident is to be transmitted to the
district traffic engineer. If a work zone accident report form is completed
on an accident, then a copy is sent to the district traffic engineer. At a
minimum the following information should be provided:

Date and time of accident;

Driver names;

Accident location; and

General circumstances of accident.

General summaries of incident information will also be transmitted
to the district traffic engineer to aid in analyzing the project's accident
experience. These summaries could take the form of several work zone inci-

dent reports in a packet, a listing of notes and dates from the project
diary, or copies of completed conflict counts.
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Summaries of other data such as traffic count or speed data that
are used in making immediate corrective actions are also sent to the dis-
trict traffic engineer. In some circumstances the district traffic engi-
neer's office may request some of these types of data.

In addition to the information just specified, the district traf-
fic engineer or representative should receive some documentation of changes
that were made in the traffic control plan. The reasoning used in making
these changes and recommendations for needed modifications in work zone
traffic control policies or standards should also be documented.

B. Project Accident Summaries

The project accident summaries are to be done each month by the
district traffic engineer or appropriate staff. The summaries use informa-
tion transmitted from the project manager, the project descriptions, and the
complete police accident report. Summaries are completed for long-term con-
struction projects that were finished during the report month, and for any
short-term construction, maintenance, or utility operations that experience
accidents during the month.

These summaries document the accident or incident experience of
the work zone by classifying the accidents/incidents by type and severity
and computing the accident rate for the roadway. If the work remained in
place for one month or more, the accident experience during comstruction is
compared with accidents occurring on the road for a comparable length of
time before the work activity period. The work area should be described
according to the comstruction road type, the type of work zone, and by the
occurrence of accidents in each area of the work zone. It may be useful in
some cases to draw collision diagrams of the work zonme to show the accident
concentrations. The project accident summaries include the traffic control
plan sheets for the project, notes on any immediate or short-term corrective
actions that were made in the project's traffic controls, and recommendations
concerning changes in policies or procedures that may be indicated based on
the project's accident experience. A sample project accident summary is
shown in Figure 10. ’

The completed project accident summaries should be sent to the

state traffic engineer and the district construction or maintenance sec-
tions or the appropriate utility company.

C. Annual Statewide Work Zone Accident Summary

The annual statewide summary of work zone accidents is conducted
by the state traffic engineering staff. The information that is needed for
this summary includes project accident summaries from each district; regular
traffic information, such as average daily traffic; construction information
such as the number of projects constructed and utility permits issued; a
listing of all police accident reports coded as work zone accidents; and
regular summaries of all accidents statewide. It will also be necessary to
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request an accident listing (hard copy if available) by specific section of
roadway for the dates that correspond to the respective construction or main-
tenance projects. This accident listing is used to determine the reliability
of the work zone accident code on the report form.

These data should be analyzed by the staff to determine the follow-
ing information:

1. The percentage of work zone accidents to total accidents,
broken down by severity and roadway type;

2. The percentage change in accident rates from the before con-
.struction to during-construction time periods, broken down by the construc-
tion roadway types;

3. The number of various types of work zone accidents, including
flagger involved, rear-end collision, construction object collision, etc.;

4. A summary of the short-term correction actions that were made
statewide;

5. A summary of suggestions from districts for needed policy and
procedural changes;

6. For a selected sample of construction projects, a comparison
of the number of reports coded as work zone accidents versus the number of
accidents found when a request was made by location and date; and

7. For a selected sample of construction projects, a determina-
tion of the number of accidents that were related to work activity.

Procedures that can be used for statistical analysis of accident
data are specified in the publication "Accident Research Manual,"¢ Report
No. FHWA/RD-80/016.
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VII. IMPLEMENTING THE WORK ZONE ACCIDENT DATA PROCESS

The process described in this manual is designed to aid states in
meeting the requirments of FHPM 6-4-2-12 concerning the reporting and analysis
of work zone accidents. The process is thoroughly described; however, for
use in a particular state, there are several implementation steps necessary
including adapting the process to your state's organization and capabilities,
determining how completely the process should be implemented; training of
people involved, and monitoring the process as it becomes operational.

A. Adapting the Process to Your State

During development of this manual, a draft manual was implemented
on a trial basis in two states. In both, the final step in implementing
the work zone accident data process was to decide who in the state could
carry out the responsiblities of the positions shown in Figure 2. For
instance, one state did not have district traffic engineers and, therefore,
decided that the duties outlined for the district traffic engineer should
be performed by the district construction engineer. Also, in this state
the duties of the state traffic engineer were instead performed by the
design safety engineer who developed traffic control plans.

The performance of duties, particularity above the project level,

must be decided on as a first step in implementing the work zone accident
data process.

B. Development of the Work Zone Accideht Data Process

The work zone accident data process described in this manual can
be used statewide on all types of maintenance and construction projects.
It is also possible to implement it in stages and adapt it to a state's
needs as the costs and benefits of the system are determined. Some pos~
sible ways that the process can be implemented in stages are: to conduct a
trial in one district first; or possibly to choose certain projects where
the system will be used; or, to adapt it on the project level only, which
would encourage the immediate corrective actions but preclude a statewide
accident summary.

In response to FHPM 6-4-2-12, many states have developed some
method of work zone accident data review. The process described in this
manual may be used to supplement or replace the procedure that is presently
being used. Also, some states have a work zone accident report that is
completed for the state legal department. In implementing the work zone
accident data process, an attempt should be made to develop one accident
report form that meets the needs of both the legal and engineering factions
of a highway department.
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C. Training of Personnel

After the decision has been made as to how the process will be
implemented, and who will fill each position described in Figure 2, a train-
ing course should be developed for project and district level personnel.
The course outlined for a 1-day course used during the trial implementation
is shown in Table 5. It is recommended that the class size be a maximum of
25 to 30 people. All people at the project level who would be expected to
collect accident or other data should be included in the training course.

The course would normally be conducted by the state traffic engi-
neer's office. Guest speakers who can cover some parts of the course would
include a representative of the legal department to cover liability and a
member of the state police to cover police cooperation and, possibly, some
parts of accident investigation.

It would be advisable to prepare some supplementary materials for
the manual covering areas that vary from the information given in this manual.
This might include people filling certain positions in Figure 2, specific
forms developed for state use, and the type of changes in traffic control
that can be made by a project manager.

This training course should be repeated before each construction

season to train new personnel. Short refresher courses may also be needed
every 3 or 4 years for experienced personnel.

D. Monitoring the Work Zone Accident Data Process

It is important to monitor the implementation of the work zone
accident data process, especially during the first few months it is being
used. This effort should include review of collected information and inter-
views with project managers covering use of forms, police cooperation,
changes made in traffic controls, and approximate manpower being used in
collecting and analyzing accident data. It is recommended someone from
the State Traffic Engineers office be assigned this function.

The monitoring process should be continued throughout the con-
struction season and finalized after completion of the statewide accident
summary. The process can then be modified and/or strengthened to handle
observed problems.
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TABLE 5

WORK ZONE ACCIDENT DATA PROCESS (WZADP)

TRAINING COURSE OUTLINE

I. Introduction
A. Objectives of WZADP
B. WZADP Overview (Role of FWHA, etc.)
C. Levels of Responsiblity
D. Benefits of WZADP
E. User's Manual

ITI. Liability Considerations

III. Definition of Work Zone Project Limits,
Accidents, and Incidents

Break

IV. Collection of Accident Data
A. Notification
B. Report Form
C. Photography

V. Collection of Incident and Other Data
A. 1Incident Data and Forms
B. Conflict Data
C. Volume and Speed Data
D.

30

15

Inspection Procedures for New Installations

Lunch

VI. Data Analysis
A. Accident Data
B. Incident and Other Data
C. Problem Identification
D. Types of Traffic Control Changes

VII. Implementation of Corrective Actions
A. Corrective Action Process
1. Types of Changes
2. Extent of Changes
Break

B. Changes in Policies and Procedures
VIII. Project and Statewide Accident Summaries
IX. Concluding Remarks
A. Logistics

B. Contacts with Police Agencies
C. Questions

30

30

hr

min

min

hr

hr

hr

hr

min

min
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APPENDIX A

TRAFFIC CONFLICT COUNTS

The traffic conflicts technique is a formal procedure for collect-
ing and analyzing information about traffic conflicts so that the project
manager can more easily identify and correct possible accident-producing
hazards. To study traffic control problems, the project manager usually
finds a location in the work zone suitable to observe traffic flowing
through the zone. Any near misses, brake light applications, or unsafe
driving actions, for example, are noted and used to determine possible
problems and solutions. The traffic conflicts technique removes the guess-
work from locating an observation position, observing and recording spe-
cific traffic events, and determining the meaning of the collected data.

The traffic conflicts technique is easy to perform and takes
little time. Within only a few hours, the traffic conflicts technique can
provide good indicators of hazards. When used in before-after studies, it
can both identify hazards and confirm the effectiveness of traffic control
improvements.

The information contained in this appendix will enable the project
manager to perform a traffic conflicts study. Traffic conflicts will be
defined and data collection techniques will be discussed. Figures 11, 12,
and 13 illustrate the traffic conflicts as they would be seen from the ob-
server's position.

1. Definitions

A traffic conflict is a situation in which a vehicle is required
to take evasive action by braking or swerving to avoid an impending colli-
sion with another vehicle ahead or alongside. A brake light indication,
obvious braking, or swerving by the offended vehicle are indicators of a
conflict. A traffic conflict always involves at least two or more vehicles.

A lane change conflict is a situation in which a vehicle changes
lanes into the path of another vehicle causing the offended vehicle to brake
or swerve to avoid collision.

An encroachment conflict is a situation in which a vehicle passes
across the boundary of its lane in either direction laterally (edge line,
lane line, or centerline) at a distance less than half the vehicle's width
causing the offended vehicle to brake or swerve to avoid collision.

A slow-to-merge conflict occurs when a vehicle slows or stops dur-
ing its merge into the open lane, causing the offended vehicle in the open
lane to brake or swerve to avoid collision.

A wrong-way lane change conflict occurs when a vehicle in an open
lane approaching the transition area enters into a closed lane and an of-
fended vehicle brakes or swerves to avoid collision with the wrong-way lane
change vehicle.
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A slow vehicle conflict occurs when a vehicle swerves or brakes
to avoid a slower moving vehicle ahead.

A stopped vehicle conflict occurs when a vehicle is confronted
with a stopped vehicle. The offended vehicle slows, stops, or swerves to
avoid the stopped vehicle.

A passing conflict occurs when one vehicle is overtaking another.
The conflict may be caused by a maintenance vehicle. The offended vehicle
slows, stops, or swerves to avoid the vehicle being overtaken.

A secondary conflict, which involves three vehicles, is initiated
by an earlier traffic conflict. It occurs when two vehicles are traveling
as a pair and the lead vehicle of the pair becomes the offended vehicle in
a traffic conflict and slows, stops, or swerves. The following vehicle then
must take evasive action because of the action of the lead vehicle. Both
the initiating conflict and the resulting secondary conflict are counted;
the latter is attributed to the initiating conflict. A secondary conflict
may look like a slow vehicle conflict but involves the second and third veh-
icles. '

Other events, called conflict opportunities, occur when an unim-
peded vehicle brakes, swerves suddenly, or makes another movement that is
contrary to the designed traffic operational plan while proceeding through
the work zone. (Unimpeded means there are no vehicles directly ahead or
rapidly overtaking it in an adjacent lane.) Certain traffic conflicts have
an associated conflict opportunity. These include the lane encroachment,
slow-to-merge, wrong-way lane change, and stopped vehicle conflicts.
Another conflict opportunity is the erratic maneuver opportunity. An ex-
ample of an erratic maneuver would be a single vehicle braking as it ap-
proaches a lane taper. Since there are no other vehicles near it that
would inhibit changing lanes, this is an indication of driver confusion or
uncertainty. Only one vehicle is involved in a conflict opportunity.

Another event, the serious conflict, involves rapid deceleration
or a severe swerve to avoid a collision. The driver has no time for a con=-
trolled maneuver. It would be a very near miss. Vehicle behavior indicat-
ing this condition would include fish-tailing, side-to-side rolling or
rocking, skidding, or forward-lurching of a braking vehicle. Any traffic
conflict, if severe enough, can be a serious conflict.

Other specialized conflicts may occur depending on the type of
roadway or location of work zone. In urban areas, for example, pedestrians
could interfere with traffic and cause conflicts. Maintenance vehicles us-
ing median turn-arounds on freeways could cause conflicts. Any work zone
near an intersection could experience many different types of intersection
conflicts.
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Traffic events are depicted in terms of frequency and severity as

follows:
Traffic Event Frequency Severity
Vehicle following common almost none
Conflict opportunity
Conflict rare mild
Serious conflict
Accident very rare severe

2. Collecting Traffic Conflicts

In order to identify potential traffic control hazards, produce
supporting data, and determine corrective actions through the traffic con-
flicts technique, information must be properly collected, recorded, and
analyzed.

Ideally, the project manager would perform the conflict observa-
tion and analysis tasks. Being responsible for the operation of the entire
project, this individual is in a good position to identify and correct po-
tential hazards. However, if the project manager is in charge of several
projects and does not have enough time to perform these tasks, another mem-~
ber of the work zone project staff, a traffic control specialist, or a
roving investigator should be assigned to collect and analyze conflicts
data. This person will be identifying potential hazards and may also be
responsible for recommending corrective actions, which can be determined
after consulting other project or district personnel.

The conflict observer should be the same person for all conflict
studies within a project unless all observers had received conflict train-
ing. Results produced from different, untrained observers may not have the
same statistical validity as those produced by a single observer, even though
the same basic definitions and observation techniques were used.

An alternative to relying on a single conflict observer would be
to establish a team of observers who have undergone, together, a 1- to 2-week
training course in observing and recording conflict events. A district (or
headquarters) traffic conflicts team composed of trained traffic control
specialists, to perform conflicts, volume, speed, and other studies would
help ensure that valid and useful results would be produced.

If the person collecting conflicts data is not the person who will
be analyzing it, then special care must be taken to make good notes and com-
ments about events that occurred during the study period, especially if pos-
sible solutions to problems are identified. The observer and analyst must
maintain close contact with one another to make sure that no important in-
formation is overlooked during the analysis.

The best location from which to observe traffic conflicts depends
on vehicle speeds, available sight distance, light conditions, and the type
of work zone. On high-speed roadways, such as freeways with tangent align-
ments, a position of 800 to 1,000 ft (240 to 300 m) from a transition is
adequate.
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The observer wants to be in a position to observe all traffic af-
fected by work zone traffic controls and still be able to see brake light
applications and vehicle maneuvers. On roads with lane diversions or cross-
overs, the observer will want to be closer to the point of diversiom if it
appears that this is where problems are occurring. Traffic can be observed
from either the left or the right side of the road, or even from nearby over-
passes. Observers should be positioned so they are as unobtrusive as pos-
sible.

Traffic conflicts can be observed at any time of the day or night.
Problems occur more frequently as traffic volumes increase. Periods of peak
traffic flow are good times to count conflicts. If traffic volume increases
to where congestion and stop-and-go traffic occurs, observation should be
stopped until when traffic begins to flow freely again.

The longer the time period over which conflicts are observed, the
more meaningful the data. Observation should start before the period of
interest and end after the period of interest. Performing a study requires
at least ten 15-min periods of observation. It is best to collect conflict
data during periods of both peak and off-peak traffic flow.

Before starting a conflict study, the heading information on the
conflict count form should be completed correctly (a conflicts count form
is shown in Appendix E, Figure 20). Any sketches of traffic controls per-
tinent to the study are made at this time. Conflicts can be marked on the
count form as they occur, but it is easier to use a count board and trans-
fer the totals to the form at the end of each count period. A count board
may be obtained from the district traffic engineer.

Recording conflicts is only part of the observer's job. The ob-
server is also there to identify problems and possible solutions. In this
respect, an important part of the conflicts count is the recording of the
observer's personal comments about site conditions, unusual events, and
possible solutions to any problems. The count form includes space for such
comments. If other conflict types peculiar to the work zone observed are
discovered, these can be recorded in one of the blank columns. Traffic
volumes can be counted along with the conflicts. This will improve the
accuracy of conflict rates (conflicts/volume) that may be needed to help
with the analysis procedures.

After the study period has ended and before leaving the observa-
tion position, the observer should verify that all information has been
recorded on the count form. This is a good time to review the data and
summarize all observations and thoughts about work zone traffic control
procedures and operational characteristics. Summarization should include
answering the following questions:

. Have all data entries been made?

*+ Are they legible?
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. Do the comments make sense?

. Do the existing traffic control procedures permit smooth
traffic flow?

. What problems were observed?
. How can they be solved?

The traffic conflicts technique does not produce solutions to prob-
lems by merely plugging numbers into equations. The technique helps the per-
son responsible for work zone traffic control procedures to identify problems.
It also helps the observer to look for possible solutions to these problems.
This formal procedure allows observations and thoughts to be put on paper
for the analysis process. Further details on conducting conflict observa-
tions can be found in NCHRP Report 219, "Application of Traffic Conflict
Analysis at Intersections."®

3. Analyzing Traffic Conflicts

Taking the same approach used in accident analysis, conflicts and
accidents can be related by location, type, time of day, weather, light,
and road surface conditions. For example, traffic conflicts occurring in
the transition area involving vehicles changing lanes would arise out of
the same traffic control deficiencies that produce sideswipe or merging
accidents. Along the same line, slow vehicle conflicts are related to
rear-end accidents, and encroachments in diversions or curves are related
to ran-off-road accidents in curves.

All calculations can be performed with a hand calculator since
the analysis process is straightforward. The first step is to summarize
the counts in each column of the conflict count form, shown in Figure 20 in
Appendix E, to arrive at the total of each volume, opportunity, conflict,
and secondary conflict count for the study period. A typical 3-hr conflict
study requires two count forms to contain all of the count periods.

In terms of severity, accidents are the most serious and most rare
events, followed by conflicts, opportunities, and finally the potential for
accidents from the prevailing traffic volume, which is the least severe and
most common. Conflicts always involve two vehicles, while opportunities,
like volume, only involve one vehicle. If the difference between traffic
volume and conflict opportunities is not clear, Appendix B should be
reviewed.

While adding the numbers, the events and roadway conditions that
produced the conflicts should be recalled. Part of the observer's job is
to identify problems and potential hazards and suggest ways to correct
them. The numbers by themselves do not have much meaning until a practi-
cal, commonsense approach is used to discover work zone traffic control
deficiencies.
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The traffic engineer responsible for assembling and analyzing ac-
cident and incident data for the entire district may want to know how con-
flict statistics compare within a project and between projects. The initial
set of conflict data can be used to identify problems which will lead to
traffic control changes. After traffic control changes are implemented, a
second conflict study should be performed to determine the effects of the
changes on traffic operations. That is, a traffic control change that im-
proves traffic flow should be substantiated by a reduction in conflicts.
One can look at the conflict totals to compare the results of the before-
after studies. The traffic engineer may use statistical techniques to
perform this comparison. Statistical t-tests can be performed to com-
pare the before and after opportunity, conflict, and secondary conflict
averages. A procedure for conducting these tests is outlined in NCHRP Re-
port 219,2 and can also be found in general statistics texts, such as one
written by Dixon and Massey.13

At times accident rates provide a more meaningful data base than
accident numbers. The same is true for traffic conflicts. A conflict rate
is the ratio between the number of conflicts and the traffic volume occurr-
ing during a study period. For example, for a 3-hr study the conflict rate
would be the number of conflicts in the 3-hr period divided by the traffic
volume of the same 3-hr period, which is recorded in conjunction with con-
flicts.

More than likely, this ratio will be a small number. A more con-
venient way to present a conflict rate is as follows:

_ (€)(1,000)

Conflict Rate: R
c
\)
where Rc = conflict rate in conflicts per 1,000 vehicles.
C = number of conflicts in the study period.
V = traffic volume of the study period.

In a similar manner, opportunity and secondary conflict rates can be cal-
culated by substituting the appropriate values in the above equation as fol-
lows:

Conflict Opportunity Rate: Ro _ (0)(1,000)
\
where R~ = opportunity rate in opportunities per 1,000 vehicles.
0 = number of opportunities in the study period.
Secondary Conflict Rate: Rsc = £§El£%4900)
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where RSC = secondary conflict rate in secondary conflicts per 1,000
vehicles.
SC = number of secondary conflicts in the study period.

When used in before-after studies, conflict rates are useful in
determining if traffic control changes are effective in reducing potential
hazards in work zones. Of course, if only one study is conducted in the
before period, traffic conflicts may not adequately describe potential pro-
blems. Likewise, if only one study is conducted in the after period, traf-
fic conflict data may not adequately confirm or deny the hazard-reducing
effectiveness of traffic control changes. Two or three separate studies to
identify problems and the same number of studies afterward are suggested,
to substantiate the effectiveness of the improvements. As additional data
are collected, a data base is developed. This will allow the analyst to
make comparisons of new and existing conflict data and will help ensure that
the information learned in the studies is representative of actual traffic
and safety conditions in the work zone.

The numbers of vehicles and conflicts observed from one study pe-
riod to the next may vary considerably. This is another reason for multiple
study periods. This variability also makes formal statistical analysis more
difficult.

One may wonder why accident or conflict rates are calculated if
they are so difficult to verify statistically. First, once rates are deter-
mined, the analysis results may be more meaningful than an analysis of num-
bers alone because of the normalizing effect of the traffic volume. Second,
the project manager who personally performs the data collection and analysis
can intuitively make more sense of the difference between rates. That is,
when 'engineering judgment" or commonsense is used to interpret the meaning
of data, it is more meaningful using rates. Third, rates provide a basis
for comparing and relating work zone traffic control problems and solutions
of projects throughout the district or even the entire state. Fourth, rates
of current projects will be useful to compare with rates of future projects.
This will enable highway agency administrators to determine the effects ‘that
changes in policies and procedures have on work zone safety.
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APPENDIX B

TRAFFIC VOLUME COUNTS

There are certain types of traffic volume counts that the project
manager needs when performing work zone safety and operational analyses.
These include peak hourly volume, average daily traffic volume, classifica-
tion, and traffic conflict volume counts.?’ Peak hourly volume counts in
work zones are generally used for design of lanes, shoulders, and other
physical features of the highway; for determining roadway capacity; and for
determining periods and characteristics of peak traffic flow. The project
manager is interested in knowing the periods of high traffic volume so
as to adjust the project work schedule accordingly. That is, the project
manager may not want to begin work until the morning period of high traf-
fic volume starts to subside, and to remove the workers from the roadway
before the evening peak period begins. There may also be a midday peak pe-
riod, but traffic volume will not be as high as during the other two periods.

Peak hourly volume counts are usually recorded in 15-min incre-
ments, but 5-min increments are also used. Recording traffic volume in
these increments enables the analyst to determine exactly when periods of
peak traffic flow begin and end. Some highway agencies conduct volume
counts for 3 hr each in the morning (6:00 to 9:00 AM), midday (11:00 AM to
2:00 PM), and evening (4:00 to 7:00 PM) to emnsure that all of the peak pe-
riods are included.

The average daily traffic (ADT) volume is the total 24-hr volume
that can be expected on any given day. For work zone use, ADT volumes are
used for evaluating the capacity of the roadway and are an important component
of an accident rate. Collecting ADT volume counts on state routes is usually
done by a team from the highway agency central office staff. These counts
are then published by county, state route, and highway section. The district
traffic department keeps a copy of this report. '

These data may or may not be collected and published annually,
depending on the state. In states which do not publish such data annually,
it may be necessary to adjust the counts to reflect existing traffic condi-
tions on the highway section of interest. To do this, one obtains from the
department in the highway agency that performs these counts, the appropriate
multiplication factor, and applies it to the counts. An 8-hr traffic count
can also be transformed into an ADT count by applying a multiplication fac-
tor. The percentage of trucks in the traffic stream should also be noted.
At some construction sites, trucks may be directed to use alternate routes.

Classification counts segregate vehicles by type of vehicle, num-
ber of axles, weight, and dimensions. For work zone use, classification
counts are used for geometric design of curves, clearances, grades, etc.;
structural design of pavements and bridges; capacity analysis with respect
to commercial vehicles; and identifying and analyzing traffic safety prob-
lems of specific classes of vehicles. Classification counts are conducted
as part of a peak hourly traffic count. A simple classification such as a
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passenger car-commercial vehicle separation could be used, or the various
vehicle classes could be separated by type, size, and number of axles, de-
pending on the complexity of the analysis. A spot speed data collection
form can also be used for peak hour and classification volume counts by
simply writing the time periods over the existing speeds in the first
column. Figure 15, p. 71, is an example of a spot speed data collection
form that can be used for volume-count studies.

Traffic volume counts used for traffic conflict studies are col-
lected simultaneously with conflicts. These are total vehicle counts and
are not classified by vehicle type. These counts are used in calculating
opportunity, conflict, and secondary conflict rates. They help to accu-
rately describe potential traffic safety problems.

Traffic volume can be counted manually or mechanically. Manual
counts are useful when accurate vehicle classifications are required. Data
collection forms, a count board, pencils, and a timepiece are all the equip-
ment required to perform a manual volume count. If needed, the district
traffic department should be able to provide an observer. Performing manual
volume counts is a demanding job; observers should not be required to count
vehicles for more than a few hours at a time.

Mechanical counters are useful for counting vehicles over long
time periods or when an accurate classification count is not required.
When mechanical counters are used, steps should be taken to protect the
equipment from the work activity. Some counters use tapeswitches or road
tubes to relay vehicle actuations to the recorder. In a work zone, there
is a possibility that heavy equipment will destroy these sensitive electro-
mechanical devices by driving over them.

Both manual and mechanical traffic volume counting techniques have
advantages and disadvantages. The district traffic department can recommend
and give advice on which technique would provide the most useful data for
the particular data collection and analysis requirements.
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APPENDIX C

USE OF PHOTOGRAPHY FOR DATA COLLECTION

When collecting data about work zone traffic accidents and traffic
control devices that are in use, accompanying sketches or notes may be miss-
ing important details. Once the vehicles involved in a traffic accident
are removed, it is difficult to describe and explain accurately the details
of the accident. Photographs, movies, or videotape recordings can be used
to supplement the investigation or documentation procedure. This appendix
presents information on photographing accident scenes, traffic controls,
and traffic operations as a help to the project manager who will use photog-
raphy as a basis for analyzing work zone accidents and traffic control prob-
lems.

Any photographic equipment used to document work zome accidents
or procedures will have to be of good quality. Besides producing photographs
and movies that are clear and have sharp detail, good equipment is also more
durable. Persons or agencies purchasing cameras should buy the best that
they can afford. This applies also to flash equipment, carrying cases, and
other accessories.

For still photographs, a good 35-mm SLR (single lens reflex) camera
is suggested. Polaroid cameras are sometimes used to photograph accident
scenes, but the quality of the photographs and the durability of the camera
is not as good. Color film is preferred for showing details and producing
contrast between the subjects in the photograph; black-and-white film may
withstands harsher operating conditions. To reduce the expense of print-
ing large quantities of exposed film, it is suggested the film be developed
only and stored as negatives until needed.

Anyone involved in construction or maintenance work knows that
the equipment and vehicles are subjected to a lot of hard use, dirt, and
wide temperature variablity. Construction equipment is designed for this;
cameras are not. Severe operating conditions will not only shorten the
life of the camera, but also will quickly ruin any film stored in the cam-
era.

When not in use, the camera should be properly stored. The two
most logical places to store the camera, the glove box and trunk of the
vehicle, are actually the worst. Equipment stored in these places is sub-
jected to extreme heat during the day and extreme cold at night. Most
photographic suppliers offer a variety of camera carrying cases which will
help protect valuable photographic equipment.

1. Photographing Accident Scenes

Photographs of work zone accidents are an important supplement to
any investigation. If the vehicles are still in their original position
when the project manager arrives at the accident scene, photographs should
be taken as soon as possible. (Of course, first aid and emergency traffic
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control procedures have priority until medical help and the police arrive.)
Photos taken should be made accessible for police investigations as well as
highway application.

Photographs should show the relationship of the vehicles to each
other and to the work zone. The photographs should be taken from positions
on all sides of the accident. They should include close~ups of the vehicles
and devices as well as distance shots far enough away to capture all perti-
nent details of the accident. One way to capture details is to take photo-
graphs from a vantage point such as a nearby hill. Some accident investiga-
tors use a long pole or boom with the camera attached to take elevated shots
of the accident scene. Another way to take elevated shots is to photograph
from the bed (or roof) of a nearby work vehicle. To obtain all possible in-
formation, many photographs are taken. Once the vehicles have been moved,
the accident scene cannot be duplicated.

Photographs should depict the paths of the vehicles. Such items
as skid marks; gouges, scrapes, and holes in the pavement; pieces of metal
and broken glass; and oil or gasoline puddles give an indication of vehicle
trajectories during the accident.

The photographs should describe the relationship of accident to
the work zone. Any signs, barricades, work vehicles, etc., that were in-
volved in the accident, as well as the entire traffic control arrangement,
should be included.

The position from which the photograph was taken and a complete
description of the photograph should be recorded. One way to record this
information is to number each photograph at the position from which it was
taken. The description is included on the accident report form or recorded
separately. A way to position and label photographs is depicted in Figure 14.

When photographing from an elevated vantage point, say from the
bed of a work vehicle, the vehicles should appear in the lens a known dis-
tance apart and include at least part of each vehicle in the photograph.
This angle will help the investigator scale off distances captured in the
photographs. For example, if some important detail was inadvertently left
off the accident diagram, it can be added later if it appears in a photo-
graph depicting its relationship to one of the work vehicles or other land-
marks shown. If a lane line or a dashed centerline is on the roadway,
either can be used to determine approximate distances. After the developed
photographs are returned to the investigator, all pictures should be labeled
with at least a number and direction so that they can be related to the ac-
cident report.

2. Photographing Traffic Controls

During the initial work zone inspection, the traffic comntrol plan,
including the devices and their arrangement, is documented. Photographs can
be used to create a permanent record of the work zone. Still photographs,
movies, videotape recordings, or photologging can be used. If still photo-
graphs are taken of the work zone, all pictures are keyed to the traffic
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Figure 14 - Labeling Work Zonme Accident Photographs.
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control plan in a manner similar to photographing.a work zone accident.
Photographs show individual sign details as well as large segments of the
traffic control arrangement, if possible.

Movies, videotape recordings, and photologging have the advantage
of recording the arrangement of devices exactly as they are along the road-
way. A person riding in a vehicle proceeding through the work zone photo-
graphs the arrangement as seen from the driver's view. The work zone should
be filmed in both directions of travel. Any comments pertaining to the film-
ing, such as position and log points of devices, are to be recorded. A tape
recorder can be used for this purpose. Since the amount of equipment avail-
able for this procedure is limited, this method of documentation will probably
have to be performed by someone other than the project manager and arranged
through the district or central offices.

Any changes in a traffic control plan should be documented by
photographic technique. Dates and times should be included. This informa-
tion is used to supplement inspection reports or diary entries and can be
helpful if there are liability problems.

3. Photographing Traffic Operations

Photographic techniques can be used to document traffic opera~
tions and analyze any problems that are evident in the traffic patterns.
This type of study requires special movie or videotape equipment. Trained
personnel from the district or central offices are required to operate the
equipment and to extract the desired information from the film. Before re-
questing a film crew to design and perform a study, the project manager
should try personally to discover and analyze potential hazards. Tech-
niques such as drive-through inspections, vantage point observations, and
traffic conflict studies may provide the same solutions but in a shorter
time period and at a lower cost.

References are available that provide detailed descriptions of

photographic equipment and techniques that could be used to perform acci-
dent investigations and traffic studies.® 14
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APPENDIX D

SPEED STUDIES

A spot speed study is made by measuring the individual speeds
of a sample of the vehicles passing a given point on a street or highway.
These individual speeds are used to estimate the speed distribution of the
entire traffic stream at that location under the conditions prevailing at
the time of the study. This appendix details the procedures and equipment
involved in conducting speed studies.

1. Equipment

Although there are many ways to collect speed data, the most re-
liable and convenient way is with the use of radar. Radar speed meters
usually have two components, the transmitter-antenna and the control unit.
The control unit powers the transmitter and displays the speed measurement.
Some radar units have only one component, a hand-held transmitter, and
speed measurements are displayed at the rear of the unit.

Radar meters operate on the principle that a radio wave reflected
from a moving target has its frequency changed in proportion to the speed
of the target (Doppler effect). The meter evaluates the difference between
transmitted and received frequencies and converts the result into miles per
hour (or meters per second).

In radar meters which have two components, the transmitter-antenna
is positioned at the edge of the roadway at about a 15-degree angle with
the centerline of the roadway and about 3 ft (0.91 m) above the roadway
surface. In this position the meter will indicate speeds of vehicles
traveling in either direction in the adjacent two to three lanes.

2. Selecting Study Location and Time

The site chosen for making speed measurements is a roadway sec--
tion away from the influence of intersections, stop signs, signals, etc. A
place near the roadway where the vehicle with the radar equipment can be
concealed or made inconspicuous to the approaching driver is needed. The
person making the speed measurements should be able to see approaching ve-
hicles.

Usually speed studies are conducted during off-peak hours. One
method that is recommended is to sample for 1 hr three times during the day,
between 9:00 AM and 12:00 AM, 3:00 PM and 6:00 PM, and 8:00 PM and 10:00
PM.
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3. Selecting Study Sample

Normally, at least 50 speeds, preferably 100, are measured during
a study. Only the speeds of free-flowing vehicles are recorded. Free-flow-
ing vehicles are those whose speed is not influenced by other vehicles;
therefore, only vehicles that are traveling alone or are at the front of a
group of vehicles are measured.

4. Study Procedure

After the radar unit has been positioned and calibrated, the speeds
of free-flowing vehicles are recorded. Speeds of both directions or only
one direction of traffic are recorded. The recording of the measurements
is done by tallying the total number of vehicles (usually divided into two
categories, cars and trucks) in a 1- to 2-mph range.

5. Data Analysis

Speed measurements are analyzed to determine the characteristics
of the speed distribution at the study site. Some of the most frequently
used speed distribution characteristics are mean speed, 85th percentile
speed, and pace.

Mean speed is the average speed of all observed vehicles. It can
be found by multiplying the mean speed of each group by the number of ob-
servations in that group, summing the products, and dividing by the total
number of observations.

The 85th percentile speed is the speed below which 85% of the
observed vehicles travel. This speed can be found by multiplying 0.15
times the number of observed vehicles and counting down this number of ve-
hicles from the highest speed vehicle.

Pace is the 10-mph (16-km/h) range in speeds in which the highest
number of observations is recorded.

Reduced regulatory or advisory speeds are typical speed-reducing
techniques, but others such as rumble strips, reduced lane widths, and law
enforcement personnel are also used. The presence of a police vehicle may
be the most effective speed-reducing measure available, but it is costly to
hire a police officer and the police vehicle.

Roadways designed for high speed operation (for example, freeways)
may become more hazardous to motorists when a work zone is present if the
geometric design standards of the work zone are relaxed because speed-reducing
techniques are used. To promote safer traffic operations, work zone geo-
metrics should be designed for actual vehicle speeds and not desired ve-
hicle speeds.15

If it is thought that speed too fast for roadway conditions con-

tributes to work zone traffic accidents, speed-reducing techniques can be im-
plemented. The results of a speed study conducted in the suspected problem
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area will provide the information needed to substantiate speed-reducing
techniques or identify potential problems. A speed study is the analysis
of vehicle speeds at a particular location in the work zone. It consists

of a sample of vehicle speeds, which is used to estimate the speed distri-
bution of all vehicles passing that location at that time of day.? Results
obtained from spot speed studies have many uses including:

Determining operating speeds of different vehicle types.
Determining the speed distribution at a problem location.
Regulating and controlling traffic operations.

Determining the speed relationship to accidents.

Evaluating the effects of traffic control changes in before-
after studies.

Geometric designing of roadways.

Determining the speed-capacity relationship.

Determining the need for speed-reducing techniques.”’

Speed studies can be conducted at any location in the work zone
as long as traffic is free flowing; that is, there are no intersections or
traffic signals nearby and the vehicles are not traveling in platoons as a

result of high traffic volume. Speed studies conducted in the advance warn-
ing, transition, buffer, or termination areas of the work zone could iden-
tify problems or potential traffic hazards that may be present. Results
could indicate whether:

There is adequate advance warning that is properly spaced.
The taper is properly located and long enough.
Curves are flat enough.

Regulatory and advisory speed reduction signs are causing
traffic to slow.

After a sample of spot speeds is collected, the data must be sum-
marized, descriptive spot speed statistics calculated, and results inter-
preted. Figure 15 is a sample of spot speeds as collected at a highway
section. Figure 16, containing the same data, depicts the procedure used
to calculate spot speed statistics.
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SPOT SPEEDS

Location SR 2.7 @ MP995 Hous __ 132 = 2/30 PM
Date 3/z¢/80 , Speed Limit 85 meh  Direction N8
’ Recorder R _Ewing
Speed Range Passenger Cars Single Total
M.P.H. Local Out of State Units Combo | Buses Vehicles
40
pA
4 : !
o | l
8 ] 1 5
50 N Y TN L 1 ney 26
2 mJﬁ?nuHUHunu THL 1 (Y 4.2
4 :z?::%$ﬂnuﬁu WL i " tTnu 1 23
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6 ™ 1) Hd 78
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60 T LAY THON I D [ i Ml 42
2 N N ) ] 1t 25
4 m o w n 14
A Y] 1 e
8 : ! 2
70
Z
4
A : !
& ' !
80
Total 2 |62 58 14 55 3 392

Figure 15 - Sample Spot Speed Data.
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Location SR 21 @ MP 99. 5

Hours

1*30 - 2130

PFMm

Date 3/26 /80 Speed LimitM Direction _IN &
Recorder R EW"V\&
Speed Observed Cumulative
(mph) Frequency Frequency Xef-X =
X f % f % X -f X2-f (X + 1) (X+ 12
25/Under . . 676
26 - - 729
28 . . 841
30 o . 961
32 o o 1089
34 . . 1225
36 . . 1369
38 - o 1521
40 . . 1681
42 . . 1849
44 [ De 3 | 0«3 44 1 936 2025 2.02.5
46 1} 0.3 2| 0.5 46 2.116 2209 2209
48 5 /<3 7 1«8 2.40 1{520 2401 12005
50 26| 6.6 33| 8.4 1300 L5000 2601 67626
52 48! 2.2 Qll 20.1 2496( 129792 2809 134D 32
54 73! (B.b| 54| 39.3 3942 212868 3025 220825
56 78| B.9] 232| 59.2 4368] 244 008 3249 253422
58 69| 17.6| 301 76.8 4002 232 1lp 3481 240182
60 42 /0 .7| 343]| 87.5 2520 151 200 3721 | 56 282
62 25! 6.4! 368]|923.9 1 550 96 100 3969 99 225
64 14| 3.6| 382 27.4 896 57 344 4225 59 150
56 el 1.5 388| 929.0 39| 261306 4489 26934
68 2] 0.5| 390| 99.5 136 9 248 4761 9522
70 . . 5041
72 o - 5329
74 . o 5625
76 I 0.3 391)929.7 76 5776 5929 5929
78 I 0.3 392 700.0 78 6084 6241 624
80/Cver
Total (3) 22 090 |1 251 844 | 29¢ 41b
o Math Check: Z(X+1)2f= Ex2-f+ 28X f+ f
1 296 416 = 1251844+ 2(22090) + 392= | 296 4/t oO.k
® Meon Speed X = TXf/Tf= 22 090/ 392 = 56.4 mph
" e Somple Variance 52 = Exz.f - ZX'f)Z/Zf
-1 2
2 | 251 844 - (22090) /352 .
$°= = 18.0 mph*
391
e Sample Standard Deviation S= 2 = 1.0 = 4.2 mph
¢ 85th Percentile Speed = Speed at the 85% Cumulative Frequency = 59 mph
o Median Speed = 50th Percentile Speed = Speed at the 50% Cumulative Frequency = 5585 mph
e Mode = the Most Common Speed = 56 mph
e 10 mph Pace = 10mph Range Containing the Most Vehicles= 52-6l mph

Figure 16 - Calculating Spot Speed Statistics.
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It can be seen from Figure 15 that the speeds are grouped in a
particular manner. Without performing any analysis, the analyst can see
the speeds at which most of the vehicles are traveling. For this study,
the number of all vehicle types traveling at their respective speeds is
totaled in the far right column. If it were desired to know how fast com-
bination trucks were traveling, for example, statistics for this vehicle
class could be calculated separately.

The numbers in the Total Vehicles column of Figure 15 should be
identical to those in the Observed Frequency column of Figure 16. The re-
mainder of the upper portion of Figure 16 depicts a series of straightfor-
ward though time-consuming additions and multiplications.

The lower portion of Figure 16 contains the equations needed for
calculating some statistics and the descriptions of other statistics which
are taken directly from the upper portion. The math check is included to
ensure that previous calculations were done correctly. If they were done
correctly, the totals of each side of the equation will be identical.

The mean speed is the average speed of all vehicles in the study.
This is an indication of the speed at which a typical vehicle is traveling.

The sample variance gives an indication of how vehicle speeds are
spread out. That is, the larger the variance, the more vehicles are trav-
eling at different speeds. A large speed variance could indicate a poten-
tial problem or safety hazard, because of the friction created by fast- and
slow~-moving vehicles. In a study done by the American Association of State
Highway and Transportation Officials (AASHTO), it was noted that vehicles
traveling near the average speed were least likely to be involved in fatal
accidents. That is, the faster and slower vehicles in the traffic stream
are more likely to be involved in fatal accidents.!®

The sample standard deviation is the square root of the variance.
It also represents the variation of speeds and is in miles per hour. The
standard deviation is also used in performing statistical tests.

The 85th percentile speed is the speed below which 85% of the ob-
served vehicles are traveling. This value is found in the Cumulative Fre-
quency % column. In this sample, the 85th percentile speed is between 58
and 60 mph; approximately 59 mph. This statistic is also used as an indi-
cator of speed limit. In this sample, the 85th percentile speed is greater
than the posted speed limit of 55 mph, which could lead to problems if the
work zone is not designed to accommodate actual travel speeds.

The median speed is the speed at which one-half of the vehicles
are traveling faster, and the other half slower. This is another indica-
tion of how fast the typical vehicle is traveling. In this sample, the
50th percentile speed is between 54 and 56 mph, approximately 55 mph.

The mode is another indication of typical vehicle speed. It is
the most frequent speed and in this sample is 56 mph. If the sample of
speeds follows the theoretical normal distribution, then the average, median,
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and modal speeds will be approximately equal. In this sample they are ap-
proximately equal.

The 10-mph pace is the 10 mph speed range containing the most ve-
hicles in the Observed Frequency column. In this sample, the pace is the
52- to 61-mph speed range. By adding the observed frequency percentages
within this range, it can be seen that 68.3% of the vehicles are traveling
at the 10-mph pace. This statistic shows how fast most vehicles are trav-
eling.

Speed studies can be conducted at various locations in the work
zone (for example, in the warning, transition, and buffer areas). The sam-
ple statistics would then be compared with one another to discover areas
that may need remedial attention.

As stated earlier, spot speed studies by vehicle class can also
be performed. If, for example, it is desired to know about potential safety
hazards involving large vehicles, spot speed studies of these vehicle classes
may discover statistically significant differences between large and small
vehicles.
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APPENDIX E

DATA COLLECTION FORMS

The job of maintaining a safe and efficient system of work zone
traffic controls is not an easy one. The project manager is always on the
alert to remedy potential hazards. If an accident occurs, the project
manager should try to determine the reasons for the accident and ways to
prevent similar accidents from occurring.

This appendix contains a set of data collection forms (Figures 17
to 23) that can be used by the project manager or other investigators to
record information for traffic studies as prescribed in the manual. The
set of data collection forms includes the following:

Work Zone Accident Report

Work Zone Accident Report Supplement
Work Zone Incident Report

Work Zone Conflict Count

Spot Speeds

Spot Speed Statistics

Project Accident Summary
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WORK ZONE ACCIDENT REPORT

Accident Descriptors:

Date Time

Route No. (Name) Driver Names
County

Weather Milepost

No. of Vehicles Involved Severity
Location Investigated by

Have other accidents of similar nature occurred in this zone?

If yes, give dates

Accident Diagram including all traffic control devices present at the

time of accident, vehicles involved, etfc.: .
Indicate

North

LEGEND
® Channelizing Devica
==t Type | or Type Il Barricode

3 Type ill Barricade
Amrow Panel

1 Sign Support

U—O Flogger

RCTXX)
PRI Work Area

@ Conflict Observer Pasition

Accident Narrative:

Resulting action:

Time and date that action was taken:

Name and title:

Figure 17 - Work Zone Accident Report
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WORK ZONE ACCIDENT REPORT SUPPLEMENT

WORK ZONE ACCIDENT INVESTIGATION CHECKLIST
1. Notify police.
2. Record date, route, and driver names to be able to obtain the police investigation report.
3. Photograph traffic controls present, including reference distances.
4. Describe the accident using facts, statements, and recommendations.
*» Facts = time, description of the scene, vehicle damage, physical evidence, passenger information, etc.
* Statements - by drivers, witnesses, and police
* Recommendations - follow=~up action to be taken

S. When hazards or problems are documented, solutions and actions taken must be documented.

6. Sketch the accident diagram. Include a north arrow, highway names and numbers, paths of vehicles,
relationship to work activity, and photograph locations. Make sure the information in the diagram
agrees with the other information in the report.

LEGEND

TYPES OF COLLISICNS SYMBOLS
=—~—te— Head On e Moving Vehicle B Channelizing Device
/T it Tum €<€= Backing Vehicle i Type | or Type Il Borricade
—tefunen  Rear End = —=—e Non~involved Vehicle | — Type {ll Barricade

N Sideswipe - Opp. Direction = =3 Pedestrian Arrow Panel

7, Sideswipe - Same Direction 5] Parked Vehicle L Sign Support
m Qut of Control E=) Overturned Vehicle D__o Flagger
T} Right Angle {3 Fixed Object PSS Work area

weew{] Fixed Object

Notes and comments:

Figure 18 - Work Zone Accident Report Supplement
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WORK ZONE INCIDENT REPORT

Incident Type:

Observed unreported accident — Erratic maneuvers —
Damaged traffic control device Rear - end conflicts

Skid marks on vehicle track off-roadway —— Lane change conflicts ——
Vehicles stopping in roadway —— Slow vehicle conflicts
Traffic backups — Slow - to - merge conflicts —

Complaint from drivers, police or workers _ Unsafe driving actions _
Shoulder or lane encroachments

Other (Explain)

. Description of the incident

Incident Descriptors:

Date Time __ RouteNo._—_ JobNo.

Milepost or Location Weather
Number of vehicles involved

Have other similar incidents occurred in this area?

If yes, explain ‘

Incident Diagram —
Indicate ® Channelizing Device
Norfh i Type 1 or Type il Barricade

T2 Type 11! Borricode

Arrow Pane!
b Sign Support
OO Flogger
B2 work area

@ Conflict Observer Position

Resulting action:

Time and date that action was taken:
Name and title:

Figure 19 - Work Zome Incident Peport
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SPOT SPEEDS

Location Hours
Date Speed Limit Direction
Recorder
Speed Range Passenger Cars Single Total
M.P.H. Local QOut of State Units Combo | Buses Vehicles
Total

Figure 21 - Spot Speeds.
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Location Hours
Date Speed Limit Direction

Recorder
Speed Observed Cumulative
(mph) Frequency Frequency XefeX = ]
X i % fe % X-f X2+ (X + 1) (X+1)2-¢
25/Under . . 676
26 o . 729
28 . N 841
30 o o 961
32 o . 1089
34 o . 1225
36 o . 1369
38 . o 1521
40 . o ] 1681
42 . . 1849
44 . . 2025
46 o . 2209
48 - o . 2401
50 . - 2601
52 o o 2809
54 . . 3025
54 . . 3249
58 o . 3481
50 o o 3721
62 . . 3969
b4 . . 4225
) . . 4489
68 . . 4761
70 . . 5041
72 . . 5329
74 o . 5625
76 . . 5929
78 . o 6241
80/Over . . 8561
Total (2) .
o Math Check: S(X+1)% = Ex%f+25x-f+ 5
® Mean Speed X = TXf/Xf= mph
e Sample Variance 52 = Exz-f = Zx-f)z‘/Zf
-1
S2 _ = mphz
o Sample Standard Deviation 5= v §2 = = mph
© 85th Percentile Speed = Speed at the 85% Cumulative Frequency = mph
o Median Speed = 50th Percentile Speed = Speed at the 50% Cumulative Frequency = mph
o Mode = the Most Common Speed = mph
e 10 mph Pace = 10mph Range Containing the Most Vehicles= mph

Figure 22 - Spot Speed Statistics.
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PROJECT ACCIDENT SUMMARY
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GLOSSARY

GENERAL DEFINITIONS

Work Zonme - That portion or segment of a street or highway where a construc-
tion, maintenance, or utility activity, or the traffic control devices for
that activity, impact on traffic. The zone begins with the first information
received by drivers approaching a work area and ends where traffic may resume
its normal operation.

Project Manager - In this manual, the person responsible for managing the
day-to-day progress of the work activity and all work zone traffic controls.
This position could have various other titles, including resident engineer,
engineer in charge, supervisor, or foreman.

Construction Road Type - A classification of work zone in which the normal
roadway type and roadway remain during the work activity. An example is four
lanes divided reduced to one lane each direction.

WORK ZONE TYPES

Roadside - Where the work activity is taking place adjacent to the traveled
way (i.e., in medians, shoulders, or in the area adjoining the outer edge
of the roadway).

Lane Closure - Where one or more lanes of a unidirectional traveled way are
closed to traffic.

Crossover - Where traffic is channeled into one or more lanes of the roadway
normally used for traffic moving in the opposite direction. On divided high-
ways, a temporary or existing connection between the two directional roadways
is used to channel traffic to the opposite side. On undivided roadways, traf-
fic is channeled across the old centerline of the roadway so that both direc-
tions of traffic are using the same lane of the roadway.

Bypass Roadway - Where a temporary road is built to carry traffic around the
work area. The bypass roadway may be either one-way or two-way.

Diversion - Crossovers, bypass roadways, or detours where traffic is diverted
from its normal path but the number of lanes is not reduced.

Shoulder Closure - A roadside work activity where the roadway shoulder is closed
but the number of lanes is not reduced.

AREAS WITHIN WORK ZONES

Advance Warning Area - Begins with the first information to the drivers that
they are approaching a work area. On high-speed freeways or expressways, the
advance warning area may begin 1 to 2 miles upstream of the work aréas. In

-
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this area of the work zone, the driver receives information about the actual
condition of the roadway ahead and the actions that will be required to travel
through the work zone. Although no physical restrictions narrow the roadway

in the advance warning area, there are often slowing and merging maneuvers as
drivers adjust their speed and position based on their concept of the safe path
through the work zone.

Transition Area - Begins at the point where traffic is channelized laterally
from the normal highway lanes by devices such as cones or barricades, arranged
in a taper in order to guide traffic around the work area to the part of

the roadway open through the work zone.

Buffer Space - The open or unoccupied space between the transition and work
areas. The buffer space provides a margin of safety for both traffic and
workers by leaving room to stop before the work area if a driver fails to
negotiate the tramsition.

Work Area - That portion where work is going on or is going to be done.
The work area is completely closed to traffic and set aside for exclusive
use by workers, equipment, and construction materials. Work areas may re-
main in fixed locations or may move as work progresses. The work area is
usually delineated by channelizing devices or shielded by barriers to ex-
clude traffic and pedestrians.

Termination Area - The area downstream from the work area where traffic re-
turns to the normal traffic lanes of the roadway. It extends from the down-
stream end of the work area to the END CONSTRUCTION or END ROAD WORK sign,
and may contain channelizing devices arranged in a taper.

TYPES OF WORK ZONE OPERATIONS

Long-Term - A comstruction, maintenance, or utility activity that requires
traffic control and that takes longer than one period of daylight to com-
plete, or that is performed during hours of darkness.

Short-Term - A construction, maintenance, or utility activity that requires
traffic control and that takes less than one period of daylight and is not

performed during hours of darkness.

Stationary - A construction, maintenance, or utility activity that moves in
a2 continuous fashion at less than 2 mph (3 km/hr).

Moving - A comstruction, maintenance, or utility activity that moves in a
continuous fashion at or greater than 2 mph (3 km/hr) .
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